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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agrigut.ttjre, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

Washin^to?)^  I).  C.^  May  31^  1905. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  Bulletin  No.  81  of  the  series  of  this  Bureau,  the  accom- 
panying technical  paper  entitled  ''Evolution  of  Cellular  Structures." 
This  paper  was  prepared  by  Messrs.  O.  F.  Cook  and  Walter  T. 
Swingle,  and  has  been  submitted  by  the  Pathologist  and  Physiologist 
with  a  view  to  its  publication. 

The  accompanying  plate  is  necessary  to  a  complete  understanding 
of  the  text  of  this  bulletin. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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PREFACE. 


Ever  since  the  epoch-making  discovery  of  Charles  Darwin  there  has 
been  a  steadily  increasing  influence  of  the  theory  of  evolution  on  the 
scientific  study  and  practical  utilization  of  the  plants  and  animals  on 
which  agriculture  is  hased.  The  present  paper  marks  a  step  in 
the  further  working  out  of  the  doctrine  of  descent,  inasmuch  as  it 
embodies  results  of  an  association  of  the  data  won  in  two  very  different 
fields  of  investigation;  one  making  the  cell  its  object  of  study,  the 
other  occupied  with  the  species.  The  results  herewith  presented  open 
new  views  as  to  the  nature  of  higher  animals  and  plants  which  can 
not  fail  to  stimulate  research  and  which  promise  to  have  great 
economic  significance  in  the  determination  of  the  actual  and  latent 
capacities  of  the  organisms  utilized  by  man. 

A.  F.  Woods, 
Pathologist  and  Physiologist. 

Office  of  Vegetablk  Pathological 

AND  PhTSIOUXJICAL  INVESTIGATIONS, 

Washington^  D.  C\ ,  May  8^  1906. 
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EVOLUTION  OF  CELLULAR  STRUQURES. 


INTBODUCnOK. 

The  value  of  a  new  point  of  view  lies  in  the  fact  that  it  permits  new 
relations  to  be  perceived.  By  means  of  the  kinetic  theory  of  evolution 
it  has  become  possible  to  understand  that  organic  development  has 
been  carried  forward  through  gradual  improvement  of  the  methods  of 
descent  rather  than  by  environmental  causes.  Instead  of  there  being 
a  law  of  heredity  which  tends  to  keep  the  individuals  of  a  species 
uniform,  or  exactly  alike,  the  tendency,  especially  among  higher 
plants  and  animals,  is  to  maintain,  inside  the  species,  a  diversity  of 
form  and  structure,  most  conspicuously  manifested  in  the  phenome- 
non of  sex. 

This  intraspecific  diversity  is  neither  accidental  nor  incidental,  but 
of  great  physiological  and  evolutionary  importance.  The  interweav- 
ing of  distinct  lines  of  descent  is  necessary  to  sustain  the  strength  and 
vital  efficiency  of  the  individual  organisms,  and  to  continue  the  evo- 
lutionar}^  progress  bj'^  which  the  species  adapts  itself  to  changing 
environments  or  enters  new  ones.  Interbreeding  is  as  indispensable 
for  the  species  as  for  the  individual,  or  even  more  so,  for  seedless 
plants  continue  their  individual  existences  after  the  coherence  of  the 
specific  group  has  been  lost. 

Normal  and  long-sustained  evolutionary  progress  is  not  accomplished 
on  single  or  narrow  lines  of  descent,  but  is  possible  only  for  large 
companies  of  interbreeding  individuals;  that  is  to  say,  for  species.  It 
is  thus  no  mere  accident,  but  a  fundamental  necessity,  which  brings 
about  the  association  of  organic  individuals  into  species  and  determines 
what  might  l>e  called  the  specific  constitution  of  living  matter. 
Species  are  sexual  phenomena;  they  have  come  where  they  are  only 
through  symbasis;  that  is,  as  groups  of  interbreeding  individuals, 
traveling  together  along  the  evolutionary  pathway. 

This  interpretation  of  familiar  biological  facts  is  supplemented  and 
confirmed  by  the  study  of  the  processes  of  cell  conjugation,  which  are 
the  means  of  sym basic  interbreeding.  Among  simple  organisms  con- 
jugation is  a  periodical  incident  in  the  multiplication  of  equal  and 
independent  cells.  Higher  stages  of  organization  were  reached  by 
the  production  within  the  same  species  of  many  kinds  of  cells  and  the 
building  of  these  into  large  colonies  or  compound  individuals.  There 
was,  however,  a  very  early  limit  to  the  structures  which  could  be 
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10  EVOLUTION    OF   CELLULAR   STRUCTURES. 

built  of  the  primitive,  simple  tj'pe  of  celk,  hh  illustrated  by  the  fila- 
ment of  the  lower  alga,  the  vegetative  m^-celium  of  the  fungus,  and 
the  thallus  of  the  liverwort.  The  plant  series  would  have  culminated, 
apparently,  with  the  leafy  axis  of  the  moss  if  the  basis  of  organiza- 
tion had  not  been  changed  from  the  primary  or  simple  type  of  cells  to 
the  double  or  sexual  type. 

In  undifferentiated  unicellular  or  equal-celled  (isocytic)  organisms 
the  successive  generations  of  cells  may  be  thought  of  as  joined  into  a 
network  by  an  occasional  conjugation.  The  cells  at  the  knots  of  the 
network  are,  as  we  know,  doubly,  being  fonned  from  the  association 
of  two  nuclei  and  the  accompanying  protoplasms.  They  are  ofteq 
strikingly  different  from  the  remainder  of  the  cellular  fabric  of 
descent,  and  have  been  given  special  names,  such  as  oospore,  zygo- 
spore, and  resting  spore.  In  the  first  or  lowest  category  of  sexual 
organisms  only  one  cell  in  each  generation  is  double;  there  is  only  one 
large  bead  at  each  node  of  the  genealogical  network.  (See  PI.  I.) 
A  second  type  of  organic  structure  was  initiated  when  an  organism 
attained  the  art  of  forming  two  or  more  of  these  double  cells  by  divi- 
sion.^ It  is  of  such  double  cells  that  all  the  higher  plants  and  animals 
are  built.  The  new  type  of  organization  was  not  merely  supplemen- 
tary to  the  old;  it  was  a  new  biological  invention,  giving  rise  to  a  new 
category  of  vitality,  which  not  only  outstripped  the  old  type  of  struc- 
tural organization,  but  even  caused  it  to  be  abandoned  and  eliminated 
as  a  worse  than  useless  impediment. 

Organisms  which  were  farthest  ahead  on  the  primitive  basis  have 
fallen  far  behind  since  the  new  course  of  development  was  opened. 
In  such  groups  as  the  liverworts,  mosses,  and  ferns  the  diversity  of 
the  two  types  of  organic  structure  is  strikingly  obvious,  and  has 
received  extensive  study  for  yeara  past  under  the  name  of  "  alterna- 
tion of  generations."  Ample  homologies  have  been  found  in  the 
highest  groups  of  plants  to  show  that  the  so-called  alteration  of  gen- 
erations was  everywhere  in  ancestral  condition,  and  that  all  have 
followed  essentially  the  same  history  in  having  abandoned  the  simple 
type  of  cell  for  the  double  as  the  basis  of  structui'al  development. 

« The  terminology  followed  in  this  pajx^r  presupposes  for  convenience  the  exists 
ence  of  the  cellular  tyi)e  of  organization  common  to  most  animals  and  plants.  The 
(X)nchieions  here  reached  apply  with  equal  force,  however,  to  organisms  such  as  the 
Infusoria  among  the  protozoa,  the  Si]>honoc]adiace£e  among  the  algte,  and  the 
Kaprolegniales  and  Mucorales  among  the  fungi,  in  all  of  which  groups  considera- 
hle  structural  differentiation  is  attained  without  any  division  of  the  organism  into 
cells.  Such  forms  as  Caulerpa  and  Acetabularia  among  the  Siphonocladiaceae  reach 
a  considerable  size  and  even  show  a  well-marked  differentiation  into  the  analogue 
of  stem  and  leaf,  rhizome  and  root,  without  the  enormously  expanded  thallus  being 
divided  up  into  cells  at  all,  although  very  numerous  nuclei  arise  by  subdivision  and 
are  8catt€»red  throughout  the  cytoplasm.  These  nuclei  could  be  double,  in  which 
case  such  plants  would  be  directly  homologous  to  the  double-celled  organisms 
described  in  the  following  pages. 


INTRODUCTION.  •  1 1 

That  these  converging  data  pointed  to  something  of  fundamental 
evolutionar}' significance  has  been  confidently  believed  since  the  publi- 
cation a  decade  ago  of  Strasburger's  epoch-making  essay  entitled  "  The 
Periodic  Reduction  of  the  Number  of  the  Chromosomes  in  the  Life* 
History  of  Living  Organisms,"®  but  a  new  evolutionary  .standpoint 
was  required  l>efore  the  larger  import  of  the  facts  could  be  perceived. 
The  reduction  of  chromosomes  is  indeed  a  striking  and  unique  phe- 
nomenon in  the  life  histor}'  of  organisms,  and  it  naturally  became  the 
focus  of  interest  in  the  rapidly  developing  science  of  cytology.  A 
new  point  of  view  was  the  more  necessary,  however,  because  of  an 
unfortunate  choice  of  terms  which  has  undoubtedly  tended  to  prevent 
the  perception  of  the  true  relations  of  the  facts,  as  it  now  interferes 
with  a  correct  description  of  them.  We  refer  to  the  characterization 
of  the  higher,  double-celled,  spore-bearing ''generation  "as  "asexual." 
Appreciating  the  primitive  character  of  such  structures  as  the  pro- 
thallus  in  ferns,  Strasburger  asserted  that  a  new  ''asexual  generation  " 
had  been  intercalated  into  the  life  history  of  organisms.  It  is  now 
perceived  that  for  cytological  purposes  this  is  not  the  whole  truth, 
and  that  for  evolutionary  puiposes  it  is  not  true  at  all.  The  new 
"  generation  "  was  not  merely  intercalated  into  the  life  history  of  the 
organism;  it  was  interc*alated  into  \k\%  %exual  procem.  It  is,  therefore, 
not  asexual,  but  sexual,  and  in  a  higher  degree  than  the  so-called  sex- 
ual generation.  The  latter  bears,  it  is  true,  the  cells  which  conjugate, 
but  the  former  is  produced  dxtring  the  act  mil  process  of  amjugaiicm. 
Organic  perfection  has  been  attained,  not  through  the  development  of 
an  '^asexual  generation,"  but  by  the  lengthening  out  of  the  sexual 
procesH  itself;  not  by  abandoning  or  avoiding  sexuality,  but  directly 
by  means  of  it. 

Among  the  lower  plants  the  single  cell  formed  b}'^  conjugation  accom- 
plishes in  a  brief  space  of  time  all  the  cytological  pro<tesses  which  in 
the  higher  plants  come  between  fertilization  and  chromosome  rexluc- 
tion.  Sexual  fusion  is  immediate  and  complete,  and  takes  place  during 
a  brief  period  of  interruption  of  the  growth  and  subdivision  of  vegeta- 
tive cells.  If  the  vegetative  fern  prothallus  is  to  ))e  termed  sexual 
because  it  produces  antheridia  and  archegonia,  the  sporophyte  is  sex- 
ual to  the  second  degree,  for  it  is  built  of  conjugating  cells,  contain- 
ing. Until  synapsis  and  the  subsequent  reducing  divisions,  a  double 
number  of  chromosomes,  the  parental  chromatin  elements  being  still 
unfused.  However  important  chromosome  reduction  may  be,  it  is, 
after  all,  only  a  corollary  or  sequel  of  the  douhUn^  conjugat'um.  It 
was  not  the  reducing  division,  but  the  Umg  postponement  of  the  reduc- 
tion division^vihich.  permitted  higher  types  of  organisms  to  be  developed 
by  means  of  double,  sexual  cells. 

A  special  evolutionary  significance  was  ascribed  to  the  chromosome 

'  Stra.««buiver,  F/Uvanl.  Ann^'n  r.f  Rotflnv,  18<M,  8:  281-316. 
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reductioD  because  cytology  was  approjiched  from  the  standpoint  of  the 
somatic  tissues  of  the  higher  plants  and  animals.  This  current  inter- 
pretation reverses,  however,  the  historical  course  of  events.  The 
reducing  division  was  not  an  expedient  incidental  to  the  adoption  of  a 
process  of  sexual  reproduction  by  organisms  previously  sexless.  It 
was  not" the  reduction  to  feiiH^r  chrornosc/me^^  hut  the  retention'  of  the 
douhle  nu7nher^  that  constituted  the  {mjyyrtant  step  hi  searual  reproduction 
and  made  possible  the  ei)olution  of  complex  hi<jh^'  organisins.  It  is, 
therefore,  not  the  reducing  division,  but  the  doubling  conjugation, 
which  should  constitute  the  datum  point  or  base  line  for  tracing  cyto- 
logical  homologies. 

THE  ELIMINATION  OF  THE  SIMPLE-CELLED  PHASE. 

Chromosome  reduc^on  brought  about  by  synapsis,  or  the  fusion  of 
the  chromatin  elements,  followed  by  two  special  nuclear  divisions,  is 
not,  historically  speaking,  the  beginning  of  the  sexual  process,  but 
the  end  of  it.  Chromosome  reduction  stands  in  no  special  causal  rela- 
tion to  the  subsequent  conjugation.  The  number  of  cell  generations 
formed  between  synapsis  and  conjugation  differs  greatly  in  the  various 
natural  groups,  and  merely  shows  how  far  the  organism  still  adheres 
to  its  old  simple-celled  life  history.  Fecundation  and  synapsis,  as  the 
beginning  and  the  end  of  the  sexual  process,  would  seem  to  be  directly 
comparable  in  all  organisms  which  have  developed  a  double-celled 
sexual  phase. 

From  the  ph3'siological  standpoint,  it  may  be  an  advantage  to  dis- 
pense with  the  simple-celled  phase  and  thus  shorten  the  period  between 
the  chromosome  reduction  which  marks  the  end  of  one  conjugation 
and  the  cell  fusion  which  begins  another.  Synapsis  relieves  organic 
fatigue  by  means  of  new  nuclear  configurations,  and  has  been  thought 
of  as  a  stimulant  of  vital  actiWty  or  energy  of  growth,  the  l)enefit  of 
which  can  be  secured  for  the  new  double-celled  structure  by  very 
prompt  conjugation,  as  occurs  in  all  the  higher  plants  and  animals. 
This  consideration  would  help  to  explain  the  organic  inferiority  of  such 
a  group  as  the  ferns,  which,  although  they  have  developed  a  double- 
celled  phase,  continue  to  waste  the  energy  derived  from  synapsis  on  a 
worse  than  useless  simple-celled  structure. 

In  all  animals  above  protozoa  this  reduction  of  the  simple-celled 
phase  has  gone  so  far  as  to  result  in  its  complete  elimination,  for  the 
two  peculiar  nuclear  divisions  which  occur  in  rapid  succession  imme- 
diately after  S3^napsis  constitute  an  essential  part  of  chromatin  reduc- 
tion. That  these  phenomena  noted  are  indis-sociablv  connected  stages 
in  the  process  of  chromosome  reduction  has  been  emphasized  recently 
by  Farmer  and  Moore,"  who  i)ropose  the  convenient  term  maiosis  to 

«  Farmer,  J.  B.,  and  Moore,  J.  K.  S.  On  i\w  Maiotic  Phase  (Rediu^tion  Divisdons) 
in  Animals  and  Plants,  in  Quarterly  Jooriial  oi  Microscopical  Scienc^t*,  n.  s..  No.  192 
(vol.  48,  No.  4),  Feb.,  1906,  pp.  489-557,  pi.  ^^  . 
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include  synapsis  and  the  subsequent  heterot3'pe  and  honiotype  nuclear 
divisions.*' 

AI.TEKNATIOK  OF  STBUCTUKAIi  TYPES. 

*  ^Alternation  of  generations"  is  an  expression  borrowed  from  zool- 
ogy; it8  application  to  the  archegoniate  plants  has  Introduced  endless 
complexities,  and  can  be  justified,  after  all,  only  by  false  analogies. 
Alternation  of  generations  was  discovered  by  Chamisso  in  a  species  of 
Salpa,  a  marine  animal  belonging  to  the  Tunicates;  but  here,  as  well 
as  in  the  tnulitional  zoological  example  of  the  Aphides,  or  plant  lice, 
the  phenomena  have  entirely  diflferent  evolutionary  significance  from 
the  so-called  antithetic  alternation  of  generations  in  the  archegoniate. 
Generations  or  individual  life  cycles  of  Salpa  and  of  plant  lice,  which 
were  originally  alike,  have  become  different,  so  that  now  partheno- 
genetic  generations  alternate  with  sexual  generations.  To  make  the 
archegoniate  plants  a  parallel  instance,  it  would  be  necessary  to  assume 
that  what  is  now  called  the  sporophyte  was  originally  another  thallus, 
or  something  that  corresponded  to  one,  which  later  on  became  modified 
into  the  sporophytic  "generation."  To  state  the  case  in  this  way  ma}' 
seem  quite  superfluous,  since  nobody  has  made  such  a  suggestion. 
Strasburger  and  others  have  repeatedly  declared  that  the  so-called 
asexual  generation  had  l>een  intercalated — that  is,  added  anew — and 
not  substituted  for  something  else.  This,  however,  makes  it  only  the 
more  obv^ious  that  the  sporophyte  is  a  generation  only  in  a  very  loose 
and  inaccurate  sense,  and  not  l3ecause  it  corresponds  to  or  takes  the 
place  of  any  other  generation.  The  simple  fact  is  that,  instead  of  form- 
ing merely  one  oospore  as  the  result  of  fertilization,  the  archegoniates 
have  come  to  form  a  whole  sporophyte  or  double-celled  structure  by 
the  multiplication  and  progressive  sterilization  of  potentially  sporoge- 
nous  tissue,  as  Bower  has  shown.* 

Bower's  generalization  is,  however,  only  a  half  truth,  since  the  sterili- 
zation, or,  better,  the  arrest  of  spore  formation  of  some  of  the  cells,  is 
conditioned  on  the  possibilit}^  of  continued  subdivision  and  growth  of 
the  fertilized  egg,  and  this  can  occur  only  when  there  is  a  definite 

«To  recognize,  however,  as  Farmer  and  Moore  do,  these  two  cell  generations  an  a 
distinct  **maiotic  phase"  in  the  life  history  of  Metaphyta  and  Metazoa  does  not 
seem  warranted,  since  chromosome  reduction  is  apparently  a  mechanical  necessity 
resulting  from  sexual  conjugation  and  is  consequently  brought  al)out  in  a  practically 
identical  manner  in  all  symbasic  organisms,  from  the  lowest  to  the  highest.  Maiosis 
is  rather  a  connecting  link  at  the  node  in  the  network  of  descent  than  a  distinct 
phase  subject  to  expansion  or  contraction  as  organisms  mount  in  the  scale  of  evolu- 
tionary progress.  On  the  other  hand  it  is  clear  that  the  two  peculiar  cell  generations 
occurring  during  maiosis  can  not  properly  be  clai^sed  with  the  double-celled  phase 
tliat  usually  precedes  or  with  the  simple-celled  phase  that  usually  follows,  but  ccm- 
stitnte  a  transition  stage  marking  the  end  of  one  generation  and  the  l)eginning  of 
another. 

*  Bower,  F.  0.  A  Theory  of  the  Strobilus  in  Archegoniate  Plants.  Annals  of 
Botany,  8:34S-365.     1894. 
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postponement  of  some  stage  of  sexual  fusion,  for  if  the  final  stag'e 
is  once  reached  and  the  chromatin  fuses,  no  further  growth  is  possible, 
and  a  new  generation  is  inaugurated  automatically.  When  sexual 
fusion  is  immediate  and  complete,  i.  e,,  when  nuclear  fusion  follows 
close  on  cell  conjugation  and  is  in  turn  at  once  succeeded  by  chromatic 
fusion,  no  development  of  the  oospore  can  occur;  it  simplv  breaks  up 
into  four  spores.  Such  was  once  the  fate  of  the  eggs  of  all  organisms, 
and  such  is  still  their  fate  in  the  lower  plants.  All  development  of  the 
fertilized  egg  other  than  a  simple  splitting  into  four  spores  is  due 
to  an  arrest  of  the  process  of  sexual  fusion  which  permits  its  expansion 
into  a  mass  of  double  cells,  such  as  constitute  the  bodies  of  higher 
animals  and  plants.  ^  It  is,  however,  clear  that  the  effect  of  such  an 
arrest  in  the  process  of  sexual  conjugation  and  consequent  intercala- 
tion of  a  double-celled  phase  in  the  life  history  of  the  organism  is  to 
lengthen  the  life  cycle;  it  lessens  the  number  of  generations  instead 
of  making  more  of  them. 

Notwithstanding  half  a  century  of  endeavor,  botanists  and  zoolo- 
gists have  not  yet  found  in  the  higher  animals  any  definite  homologue 
of  the  so-called  antithetic  alternation  of  generations  discovered  by 
Hofmeister*  in  the  archegoniate  plants.  The  whole  idea  of  alternat- 
ing generations  must,  however,  be  abandoned  and  emphasis  placed 
instead  on  the  expansion  of  the  oospore  or  fecundated  egg  into  a 
double-celled  phase  that  comes  to  occupy  a  larger  and  larger  part  of 
the  life  cycle  as  organisms  mount  higher  in  the  scale  of  evolutionary 
progress.  It  then  becomes  evident  that  in  higher  animals  (Metazoa) 
the  expansion  of  this  phase  has  gone  so  far  that  the  simple-celled  stage 
has  been  completely  suppressed,  and  in  consequence  their  life  history 
is  as  free  from  alternating  phases  as  that  of  the  lower  plants,  though 
for  a  very  different  reason.  The  lower  groups  show  no  expansion  of 
the  fertilized  egg.     The  higher  animals  consist  of  nothing  else.^ 

» It  is  clear  that  the  expansion  of  the  fertilized  egg  could  occur  in  siphonaceous 
algse  and  fungi  without  any  cross  walls  forming  between  the  nuclei  as  they  arise  by 
subdivision.  The  mature  thallus  of  an  Acetabularia  is  obviously  the  enormously 
expanded  syngamete  and  may  or  may  not  contain  double  nuclei.  On  the  other  hand, 
the  Infusoria  may  be  found  to  consist  of  one  double  cell,  the  successive  cell  genera- 
tions not  adhering  to  form  a  tissue. 

*>  Hofmeister,  W.,  Vergleichende  Untersuchungen  der  Keimung,  Entfaltung  und 
Fruchtbildung  hoherer  Kryptogamen  und  der  Samenbildung  der  Coniferen.  lieip- 
zig.     1851. 

<^  This  fact  is  obscured,  but  not  negated,  by  the  splitting  up  during  chromosome 
reduction  of  the  egg  and  sperm  mother  cells  of  animals  into  four  gametes,  which  are 
simple  cells,  but  which  are  no  longer  capable  of  further  development  unless  they 
conjugate.  As  previously  noted  (p.  13,  footnote  «),  these  two  cell  generations  occur- 
ring during  chromosome  reduction  constitute  a  transition  stage  between  the  old  and 
the  new  generations  and  can  not  properly  be  classed  with  the  simple-celled  phase. 

The  occurrence  of  alternating  phases  in  the  life  history  of  an  organism  indicates 
that  it  is  in  an  unstable  evolutionary  condition,  since  it  lias  not  yet  attained  the 
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That  there  are  two  unicellular  stages  in  the  life  history  of  an  organism 
should  not  be  allowed  to  introduce  an}'  confusing  technicalitias.  For 
genealogical  purposes  the  spore  is  quite  as  much  the  descendant  of  the 
antherozoid  and  the  egg  cell  as  it  would  he  if  the  other  tissues  of  the 
siporoph3^te  had  not  been  intercalated.  From  chromosome  redu<^tion 
to  chromosome  reduction,  from  spore  to  npore,  or  from  i}^^  to  e^g  is 
one  generation,  and  not  two.  The  prothallus  is  no  more  mysterious 
than  any  other  piece  of  ancient  history.  The  ferns  were  originally 
liverworts,  the  capsules  of  which  had  the  good  fortune  to  get  roots 
into  the  ground  and  keep  on  growing,  but  they  have  not  yet  learned 
to  dispense  with  their  first  vain  attempt  at  building  a  structure  on  a 
simple-celled  basis. 

SEZUAIilTT  A  ICECHANISII  OF  EVOLTnTON. 

Stress  has  also  been  laid  upon  this  supposed  alternation  of  '' sexual'" 
and  ^^ asexual'^  generations  in  the  belief  that  a  clew  was  here  to  be 
gained  regarding  the  nature  of  sex  and  of  attendant  ^^  mechanisms  of 
heredity."  But  since  only  one  generation  is  really  involved  instead  of 
two,  and  since  the  phase  of  existence  which  has  been  termed  asexual 
is  in  reality  the  more  strongly  sexual,  it  is  not  surprising  that  these 
expectations  have  not  been  realized.  Sexuality  facilitates  interbreed- 
ing and  makes  it  the  more  effective  by  distributing  new  variations 
throughout  the  species;  it  is,  in  short,  a  mechanism  of  diversification  and 
of  evolution,  a  fundamental  and  universal  fact  which  stands  squarely 
in  the  way  of  the  alleged  law  of  heredity'  under  which  organisms  would 
breed  true  and  be  exactly  alike.  This  notion  of  a  uniform  and  unchang- 
ing heredity,®  or  of  any  natural  tendency  to  such  a  condition  of  organic 

most  effective  type  of  oiiganization.  The  pereistence  of  a  clearly  two-phase^i  condi- 
tion in  the  vascular  cryptogams  and  of  a  reduced  alternation  of  phases,  even  in  the 
highest  algee  and  flowering  plants,  is  a  proof  of  the  extreme  slowness  of  the  evolu- 
tionary progress  of  the  plant  kingdom.  Animals  seem  to  have  passed  through  the 
diphase  period  of  their  existence  before  the  dawn  of  geologic  history,  and  apjK'Ar  in 
the  oldest  fossil-bearing  strata,  not  only  as  completely  double-celled  organisms  but 
highly  differentiated  ones  at  that.  Not  only  are  there  no  traces  of  the  two-phaned 
progenitors  which  must  have  gone  before  the  low^est  known  fossil  organisms,  but  up  to 
now  zoologists  have  not  realized  the  need  of  postulating  such  iorms  at  all,  and  have 
been  content  to  derive  the  higher  animals  from  merely  simpler  but  always  com- 
pletely double-celled  ancestors,  which,  of  course,  are  not  primitive.  It  seems  not 
improbable  that  the  completely  double-celled  condition  has  been  reached  inde- 
pendently by  different  groups  of  higher  animals,  just  as  it  has  l)een  approximated, 
Uiough  not  attained,  by  the  Fucacese  and  the  phanerogams  among  plants.  The 
animal  kingdom  does  not  contain,  so  far  as  is  now  known,  a  single  species  that 
shows  alternating  phases  in  its  life  history;  it  has  no  counterparts  of  all  that  wealth 
of  forms  which  in  the  plant  kingdom  bridge  the  interval  from  the  protophytes  to 
the  flowering  plants. 

o  "  The  modifications  introduced  into  palingenesis  by  kenogenesis  are  vitiations, 
strange,  meaningless  additions  to  the  original,  true  course  of  evolution.'' — Ilaeclrly 
Evolution  of  Man,  voL  11,  p.  4^0,  note  9. 
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stagnation,  can  well  be  relegated  to  the  limbo  of  hypotheses  which 
have  not  proved  useful.  Heredity  is  not  a  mechanism  or  a  force;  it 
is  merely  another  name  for  the  property  of  organic  continuity  or  suc- 
cession. There  is  no  more  heredity  in  an  organism  at  one  stage  of  its 
life  history  than  at  another. 

Sexual  and  other  diversities  inside  specific  lines  are  not  useless 
morphological  complexities  or  mere  failures  in  the  execution  of  a 
fundamental  plan  of  complete  uniformity.  Diversity,  interbreeding, 
and  evolution  are  physiological  factors  of  the  highest  importance  in 
maintainiug  vital  efficiency. 

Morphologically  speaking,  sexuality  is  a  specialization  of  the  inter- 
nal diversity  of  the  species,  and  among  plants,  at  least,  it  has  been 
attained  independently  in  a  large  number  of  unrelated  natural  groups. 
There  are  grades  of  sexual  differentiation  just  as  there  are  of  organic 
structures.  Moss  plants  and  fern  prothalli  may  be  sexually  differen- 
tiated and  the  differentiation  may  occur  farther  back  in  the  ^poi-e 
itself,  or  even  in  the  sporophyte  or  double-celled  phase,  as  in  the 
flowering  plants  and  the  higher  animals.  Thus  in  the  same  species 
there  may  be  two  sexualities,  one  in  the  simple-celled  stage  and 
another  in  the  double,  and  these  may  have  no  homology  or  causal  con- 
nection, except  as  they  both  serve  the  same  purpose  of  promoting 
more  efficient  symbasis.  Indeed,  the  sexuality  of  the  highest  types  of 
organization  is  not  merely  double,  but  threefold;  the  individual  has 
sex,  as  a  whole;  the  double  cells  of  which  the  body  is  composed  are  a 
part  of  a  sexual  process,  and  the  simple  cells  which  it  produces  for  the 
initiation  of  a  new  generation  are  sexually  differentiated. 

TWO  TYPES  OF  DOUBLE-CELLED  STBUCTTTKES. 

That  organisms  are  everywhere  associated  in  species  is  not  because 
of  some  undiscovered  principle  or  mechanism  of  heredity;  it  is  simply 
because  the  interweaving  of  the  lines  of  individual  descent  is  being 
maintained,  without  which  the  specific  association  would  be  dissolved 
into  indefinite  radial  divergence  and  degeneration,  as  among  the  varie- 
ties of  bananas  and  other  plants  long  propagated  from  cuttings.  Many 
explanations  have  been  conjectured  for  the  supposed  absence  of  sexual 
reproduction  among  the  higher  groups  of  fungi.  From  the  standpoint 
of  a  symbasic  evolution,  however,  it  becomes  evident  that  the  exist- 
ence of  true,  coherent  species  among  these  fungi  is  a  sufficient  evidence 
of  interbreeding,  and  hence  of  sexuality.  There  is  in  many  groups  a 
deficiency  of  specialized  sexual  organs,  but  these  are  rendered  unneces- 
sary by  abundant  opportunities  for  direct  conjugation  among  the 
mycelial  filaments. 

That  the  cells  of  the  more  complex  reproductive  tissues  of  the  higher 
fungi  are  known  to  have  two  nuclei,  while  in  the  younger  mycelium 
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there  L5  only  one,  might  also  have  been  accepted  as  proving  that  con- 
jugation had  taken  place.  This  does  not  mean,  of  course,  that  cross- 
fertilization  is  indispensable  for  spore  production  among  the  fungi, 
bat  their  habits  of  growth  certainly  give  many  opportunities  for  con- 
jugations between  mycelia  of  different  descent,  by  which  the  existence 
of  eonipact  and  well-defined  species  can  be  maintained,  although  the 
peculiar  structure  of  fungous  tissues  permits  extreme  variabilit}'  of 
the  size  and  external  form  of  the  fruiting  bodies. 

In  structural  complexity,  size,  longevity,  and  other  measures  of 
organic  efficiency  the  binucleate  fungi  have  an  intermediate  position 
in  the  plant  series.  Their  wide  distribution  and  extensive  differen- 
tiation into  species,  families,  and  orders  are  evidences  of  ample  oppor- 
tunities in  time  and  environment,  so  that  it  is  not  unfair  to  explain 
their  evolutional^  limitations  by  reference  to  their  peculiar  type  of 
organic  structure. 

Sexual  reproduction  is  accomplished  through  conjugation  or  fusion 
of  cells,  a  process  which  may  be  divided  into  three  stages:  (1)  Plas- 
mapsis,  the  fusion  of  the  cytoplasm  or  unspecialized  protoplasm; 
(2)  kary apsis,"  the  fusion  of  the  nuclei  or  nuclear  protoplasm;  (3) 
synapsis,  the  fusion  of  the  chromatin.  The  binucleate  cells  of  the 
fungi  may  be  said  to  have  passed  the  stage  of  plasmapsis,  but  kary- 
apsis,  or  true  fecundation,  like  that  of  the  higher  plants  and  animals, 
has  not  taken  place. 

For  the  form  of  sexuality  which  produces  the  binucleate  cell  struc- 
tures of  the  higher  fungi  the  name  apaylogamy  is  proposed,  in  allusion 
to  the  fact  that  the  two  nuclei  have  not  yet  associated.  The  higher 
stage,  where  the  nuclei  fuse  but  the  chromosomes  remain  apart,  may 
be  cssAXeA pardgamy^  which  implies  that  the  union  is  still  incomplete, 
but  that  a  more  intimate  relation  has  been  established.  These  two 
double-celled  conditions  may  be  further  contrasted  with  luiplogamy^ 
the  primitive  method  of  undeferred  combination  of  the  sexual  cells, 
nuclei,  and  chromatin. 

To  the  '' asexual  generation,"  which  is  not  asexual  and  not  a  gener- 
ation, the  term  paragaraic  pkme  may  be  applied  among  the  higher 
plants  and  animals,  the  tissues  of  which  are  composed  of  cells  with  a 

a  The  etymology  of  these  terms  will  be  obvious  to  all  students  of  biology,  plaxtrui 
and  karyon  being  the  familiar  Greek  renderings  of  protoplasm  and  nucleus,  respeo- 
iively.  The  other  element,  At/^i^j  signifies  a  binding  or  tying  together  and  also  a 
mesh  or  network,  a  meaning  especially  appropriate  in  view  of  the  reticular  struc- 
ture of  living  matter. 

The  series  might  be  completed  more  logically  by  using  the  distinctive  word 
mUapgis  as  a  substitute  for  synapsis,  which  in  its  etymology  is  scarcely  more  than  a 
Greek  equivalent  for  the  general  tenn  conjugation.  Mitapsis  in  derived  from  /^troj, 
a  thread,  and  alludes  to  the  threadlike  condition  assume<l  by  the  chromatin  during 
the  process  of  chromatic  fusion. 
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1.— Diagram  showing  the  different  types  of  cell  structuren  and 
their  position  in  the  life  history  of  organisms. 


double  number  of  chromosomes.  The  binucleate  structures  of  the 
fungi  may  be  referred  to  as  the  apayl<xjmn!c  pluise.  The  so-called 
"sexual  genemtion"  may  be  called  the  haplogamlc  phone  in  both 
cases.     These  new  terms  might  not  be  necessary  if  words  were  used 

for  descriptive  pur- 
poses only,  but  in 
the  present  instance 
they  have  general 
implications  too  ini- 
poi'tant  to  be  disre- 
garded. 

Haplogami  c 
structures  are  built 
between  synapsis 
and  plasinapsis, 
apaylogamic  b  e  - 
tween  plasmapsis 
and  karyapsis,  par- 
agamic  between 
karyapsis  and  synapsis.  Between  the  three  critical  points  of  cyto- 
logical  activity  there  are  three  intervals,  in  which  the  organism  can 
pause  to  gain  additional  size  or  numbers  by  vegetative  division  of 
cells.  The  relations  between  the  cell  structures  and  the  nuclear 
processes  are  illustrated  by  the  accompanying  diagram  (fig.  1). 

No  organisms 
have,  however, 
structures  built  in 
all  the  three  phases. 
The  relative  impor- 
tance of  each  phase 
in  the  life  histories 
of  the  different 
natural  groups  can 
also  be  illustrated 
b^'simplediagrams, 
as  shown  in  figure  2. 
The  relative  im- 
portance of  the  dif- 
ferent phases  in  the 
life  history  of  the 
various  groups  of  organisms  can  be  represented  in  another  way,  as 
is  shown  on  Plate  I.  The  diagrams  on  this  plate  show  in  addition 
a  network  of  descent  in  its  simplest  form,  composed  of  successive 
generations  linked  together  at  the  first  stage  of  conjugation.  The 
generations    themselves  are    seen    to    l)e  <*om posed   of    alternating 
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Pig.  2. — Diagram  showing  the  relative  importance  of  the  paragamic, 
apaylogamic,  and  haplogamic  phajtes  in  the  life  history  of  various 
groups  of  organi»mR. 
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simple  and  double  celled  phases  in  organisms  of  intermediate  evolu- 
tionary rank,  and  finally  the  double-celled  phase  is  shown  to  be  an 
expansion  of  the  fertilized  egg,  which  constitutes  an  increasingly 
large  part  of  the  life  history  as  organisms  mount  higher  in  the  scale 
of  evolutionary  progress. 

It  is  thus  easy  to  understand  why  the  two  types  of  double-celled 
structures  have  very  unequal  possibilities  of  organization.  Two  nuclei 
are  evidentl}^  better  than  one,  but  their  association  is  too  slight,  appar- 
ently, to  gain  much  of  the  vital  stimulus  consequent  upon  the  more 
effective  method  of  conjugation  followed  by  the  higher  plants,  where 
the  chromosomes  of  two  fused  nuclei  lie  in  juxtaposition  in  the  new 
nucleus.  The  higher  organisms  have  not  merely  double  cells,  but, 
what  seems  to  be  vastly  more  important,  compound  nuclei,  a  more 
advanced  and  energized  stage  of  the  sexual  process,  which  enables  them 
to  maintain  for  exceedingly  long  periods  of  time  the  power  of  growth 
and  subdivision." 

The  intercalation  of  the  double-celled  structure  does  not  change  the 
order  of  nuclear  events  in  cross- fertilization,  but  it  may  be  said  to 
change  fundamentally  their  chronological  and  physiological  relations. 
The  true  historical  sequence  of  conjugation  is  plasmapsis,  karyapsis, 
and  synapsis,  but  the  apparent  and  practical  sequence  in  the  higher 
plants  and  animals  becomes  synapsis,  plasmapsis,  and  karyapsis,  the 
synapsis  which  ends  one  conjugation  being  followed  closely  by  the 
plasmapsis  which  begins  another.  The  suspension  of  nuclear  changes 
for  vegetative  growth  no  longer  occurs  between  synapsis  and  plas- 
mapsis, but  between  karyapsis  and  synapsis,  the  double-celled,  para- 
gamic  structure  being  built,  as  already  stated,  on  a  new  and  highly 
sexual  plane,  that  is,  out  of  cells  in  a  state  of  prolonged  sexual  union. 

If,  as  may  be  supposed,  the  benefit  of  synapsis  lies  in  the  making  of 
new  associations  of  the  ancestral  chromatin  elements,  it  is  obvious  that 
the  bringing  of  two  such  newly  energized  nuclei  together  would  pro- 
duce a  condition  which,  for  want  of  other  words,  might  be  called  a 
multiple  vital  tension.  The  double-celled  type  of  structure  involves, 
therefore,  not  merely  a  transfer  of  emphasis  to  a  new  part  of  the  life- 
cycle,  but  a  new  and  improved  sexual  process,  which  raises  the  bio- 
logical equation  to  a  higher  power.  From  this  standpoint  it  is  obvi- 
ous that  th^  moi^phological  diversities  of  sex  have  a  fundamentally 
important  and  truly  physiological  function  in  building  up  and  main- 
taining the  efficiency  of  the  complex  organization  of  the  higher  plants 
and  animals.     It  is  as  illogical  to  ascribe  the  internal   diversity  of 

oAfl  noted  before,  some  organisms,  such  as  Caulerpa  and  Acetabularia,  show  a  con- 
siderable degree  of  evolutionary  progress,  and  have  not  as  a  matter  of  fact  attained 
the  cellular  type  of  organization  at  all;  they  may,  however,  be  found  to  have  double 
nuclei  and  to  be  very  striking  examples  of  the  expansion  of  the  fertilized  egg. 
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species  to   external  environmental  causes  as  to  arbitrary  mechanisms 
of  heredity. 

The  extent  to  which  the  static  concept  of  a  normally  unchanging 
heredity  has  obscured  evolutionary  thought  and  investigation  could  not 
be  better  shown,  perhaps,  than  by  the  fact  that,  notwithstanding  the 
great  multiplicity  of  terms  which  have  been  proposed  for  all  the 
imagined  kinds  of  variations,  no  name  has  been  suggested  for  this  nor- 
mal and  necessary  intraspecitic  diversity.  The  deficiency  may  be  made 
good  by  the  use  of  the  word  heterism  for  the  whole  group  of  phenomena, 
ranging  from  mere  individual  diversity  to  the  highest  specializations 
of  heterism,  exemplified  by  sexes,  castes,  and  polymorphic  conditions. 
It  is  true  that  the  members  of  a  species  look  alike  when  compared  with 
those  of  other  species,  and  there  may  be  no  harm  in  ascribing  this 
likeness  to  heredity,  but  there  is  nothing  to  show  that  this  heredity  of 
general  resemblance  has  anything  to  do  with  evolution  except  as  an 
incidental  result.  Evolution  does  not  take  place  between  species,  but 
inside  of  them;  it  is  not  an  zw^^specific  phenomenon,  but  ^7^^raspecific. 
Its  principal  factors  are  heterism  and  symbasis,  not  heredity  and  envi- 
ronment, as  believed  by  the  selectionists,  nor  heredity  and  segrega- 
tion, as  supposed  by  the  mutationists. 

HEBEBITY  IN  BETIOXTIiAB  DESCENT. 

The  greater  efficiency  of  the  double  nuclei  is,  however,  only  one 
more  evidence  of  the  importance  of  sex  as  a  means  of  diversity  and  of 
bringing  diverse  protoplasms  together.  The  nuclear  network  of 
chromatin  which  controls  the  activities  of  the  cell  corresponds  to  the 
network  of  descent  through  which  the  cell  has  come  into  existence. 
Symbasis,  or  diversity  of  descent  with  normal  interbreeding,  is  the 
foundation  of  the  strength  and  vitalitj'  of  the  organism,  because  it 
increases  the  efficiency  of  the  nuclei  of  the  component  cells. 

Inbreeding  or  defective  fertilization,  on  the  other  hand,  would  cause 
nuclear  deterioration,  as  so  strikingly  shown  by  Maupas  in  the  so-called 
senile  degeneration  of  ciliate  Infusoria  induced  by  keeping  them  too 
long  without  cross-fertilization.  This  phenomenon  is,  indeed,  closely 
parallel  to  senile  degeneration,  but  there  is,  nevertheless,  an  important 
difference.  In  true  senile  degeneration  the  vigor  of  the  cells  is  declin- 
ing because  of  the  absence  or  long  postponement  of  conjugation.  In 
monobasic  degeneration,  conjugation  may  take  place,  but  is  not  effective 
because  of  insufficient  diversitv  of  descent.  Monobasis  is  the  antithesis 
of  symbasis;  it  means  descent  without  cross-fertilization,  on  single  or 
very  narrow  lines.  The  inevitable  result  is  degeneration,  with  a 
rapidity  proportional  to  the  closeness  of  the  inbreeding  and  the  com- 
plexity of  the  organisms. 

This  intimate  relation  between  organic  descent  and  organic  structure 
enables  us  to  understand  the  phenomena  of  organic  succession  without 
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resorting  to  abstract  principles  or  to  hypothetical  mechanisms  of  hered- 
ity. The  network  of  descent  is,  as  it  were,  a  map  showing  the  alternative 
routes  of  the  developing  organism,  and  permitting  normally  any  combi- 
nation of  ancestral  characters,  as  may  well  result  from  the  endlessly 
varying  arrangements  into  which  the  ancestral  chromatin  elements  may 
fall  at  the  time  of  synapsis  or  chromatic  fusion.  Twins  developed  from 
the  same  ovum  would  have  the  same  arrangement  of  chromatin,  which 
accords  with  their  close  similarity  of  form,  but  otherwise  there  is 
unlimited  diversity,  even  among  the  simultaneous  offspring  of  the 
same  parents.  It  would  seem,  therefore,  that  instead  of  a  mechanism 
of  heredity  inside  the  reproductive  cells  there  is  an  automatic  device 
for  insuring  diversity.  The  higher  the  organization  the  more  com- 
plex the  descent,  and  the  greater  the  variety  of  nuclear  configurations 
and  the  resulting  individual  diversity. 

Nevertheless,  inheritance  is  not  governed  merely  by  chance,  nor 
limit'ed  even  to  the  infinitv  of  nuclear  networks  to  l>e  made  bv  the 
combinations  possible  among  the  ancestral  chromatin  elements.  With 
the  greater  vitality  of  interbred  organisms  is  sussociated  also  a  stronger 
heredity  or  prepotency  of  the  wild  or  more  broadly  syrabasic  tyjx^s 
when  such  are  crossed  with  inbred  domesticated  varieties.  New  varia- 
tions, too,  appear  to  have  the  same  effect  as  diversity  of  descent^  in 
lending  greater  vigor  and  prepotency.  Even  mutations,  or  degener- 
ative variations  induced  b}'  inbreeding,  are  prepotent  on  their  own 
plane  of  symbasis — that  is,  when  crossed  only  with  their  own  inbred 
relatives — though  they  are  prompt  1}^  oblitei"ated  or  "  swamped" 
when  brought  into  contact  with  the  broadly  symbasic  wild  type,  the 
prepotency  of  the  diverse  descent  being  far  greater  than  that  attach- 
ing to  the  inbred  variation.  It  is  the  prepotency  of  variations  which 
renders  evolution  truly  kinetic;  for  the  methods  of  organic  descent 
are  such  as  to  bring  about  a  spontaneous  change  of  type.  The  envi- 
ronment often  influences  the  direction  of  this  vital  motion,  but  is  in  no 
proper  sense  an  actuating  cause.  ^ 

Cells  are  the  units  of  organization,  but  species,  as  groups  of  inter- 
breeding individuals,  are  the  units  of  evolution.  The  causes  of  evolu- 
tion are  not  revealed  by  hypothetical  subdivisions  of  cells  into  char- 
a<-ter  units  or  determinate  elements,  but  by  ascertaining  the  methods 
of  descent  through  which  interbreeding  maintains  organic  strength 
and  evolutionary  progress.  Cells  divide  themselves,  as  we  know,  into 
other  cells,  and  species  into  other  species,  but  it  is  only  as  cells  and  as 
species  that  their  vital,  organic,  evolutionary  activities  are  accom- 
plished, hidividnals  vary  and  mutate,  but  only  species  evolve.  To 
classify  the  various  stages  and  functions  of  organisms  under  general 
and  abstract  terms  may  be  desirable,  but  for  evolutionary  purposes  it 

^'Cook,  O.  F.     Natural  Selection  in  Kinetic  Evolution,  Science,  n.  s.,  19:549.    1904. 
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is  the  network  of  descent  which  represents  the  concrete,  significant 
fact,  and  it  is  this  which  can  be  resolved,  if  necessar}^,  into  its  compo- 
nent lines,  polj'gons,  or  nodes,  to  furnish  units  for  the  calculation  of 
quantitative  eflfects  of  inheritance,  as  in  Galton's  Law  of  Ancestral 
Resemblances  and  Filial  Regression,  under  conditions  of  normal  syni- 
basic  descent,  or  in  Mendel's  Laws  of  Disjunction,  in  hybrids  of 
abnormally  inbred  varieties. 

The  recognition  of  the  double  character  of  the  cells  of  the  higher 
plants  and  animals  permits  many  other  phenomena  of  inheritance  to  be 
understood,  though  it  seems  to  take  us  farther  than  ever  from  the  hope 
of  a  merely  mechanical  explanation  of  the  nature  of  heredity  itself. 
If  conjugation  were  concluded  immediately,  the  well-known  phenom- 
ena of  sterile  hybrids  would  be  impossible,  the  sterility  which  puts  an 
end  to  their  existence  being  due,  as  now  known,  to  the  failure  to 
perform  synapsis  or  chromatin  fusion.  On  the  other  hand,  it  may  be 
that  crosses  between  narrowly  inbred  varieties  sometimes  have  the 
power  of  passing  by  the  period  of  synapsis  without  a  true  fusion  of 
the  parental  chromatin,  perhaps  in  a  manner  corresponding  to  that  in 
which  Thalictrum  produces  seeds  parthenogenetically,  by  avoiding 
chromosome  reduction.  The  germ-cells  might  have  a  preponderance 
of  chromatin  from  one  parent  or  the  other,  or  might  even  be  quite 
unmixed,  as  claimed  for  Mendelian  hybrids.  It  is  obvious,  however, 
that  to  explain  Mendelism  in  this  manner  is  to  admit  the  essential 
abnormality  of  the  phenomenon. 

STJMMABY. 

It  has  been  held  self-evident  that  there  can  be  nothing  in  evolution 
except  heredity  and  environment,  and  it  was  a  simple  deduction  from 
such  an  aphorism  that  diflferences  must  all  be  due  to  environment,  since 
''  heredity  would,  if  nothing  interfered,  keep  the  descendants  perfectly 
true  to  the  physical  characters  of  their  progenitors."  Such  heredity, 
however,  is  a  pure  figment  of  the  scientific  imagination;  it  is  a 
hypothesis  which  lends  us  no  aid  in  understanding  the  facts  of 
organic  succession.  A  stereotyped  heredity  could  make  nothing  new; 
the  interbreeding  of  diverse  individuals  and  the  prepotency  of  new 
variations  are  the  constnictive  factors,  not  heredity  and  environment. 

Symbasis  is  the  method,  interbreeding  the  means,  and  sexuality  the 
mechanism  whereby  organic  evolution  has  been  accomplished;  these 
are  the  concrete  and  efticient  causes  of  the  vital  motion  of  specie^s. 
The  association  of  organisms  into  species  of  similar  individuals  is  not 
brought  about  by  a  predetermining  hereditary  mechanism,  but  by 
symbasic  interbreeding.  The  highest  organization  has  not  l>een 
attained  m  '^asexual  generations,"  but  in  structures  completely  and 
essentially  sexual,  built  wholly  of  conjugating  cells.     There  has  been 
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no  eTolution  away  from  sexuality.  Long-continued  violations  of  the 
law  of  symba^is  bring  only  degeneration. 

This  interpretation  of  evolutionary  facts  opens  the  way  to  an  ade- 
quate physiological  explanation  of  the  significance  of  sex,  and  aflfords 
also  a  working  theory  of  the  chief  cj'tological  complications  that  have 
arisen  as  a  consequence  of  sex — complications  that  have  hitherto 
rendered  obsi^ure  the  nature  of  the  cell-bodies  of  higher  animals  and 
plants. 

The  external  diversit}-  of  organic  nature  and  the  internal  diversity 
of  cells  and  of  reproductive  processes  take  on  new  and  unexpected 
significance.  Both  are  shown  to  be  consequences  of  sexual  si>ecializa- 
tion.»  without  which  no  evolutionary  advance  beyond  simple-cell  colo- 
nies has  been  possible.  More  than  this,  gradations  in  the  perfections 
of  the  higher  double-celled  structure  are  correlated  with  definite  stages 
of  evolutionary  progress,  so  that  from  the  structure  of  an  organism 
its  kind  of  sexuality  can  be  deduced.  Evolution  becomes,  in  the  new 
view,  a  physiological  rather  than  a  morphological  process,  since  the 
methods  of  descent  affect  the  quality  and  efficiency  of  the  organism 
even  more  promptly  and  fundamentally  than  they  do  its  external 
form. 
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EXPLANATION  OF  PLATS. 

The  circles  (O),  eights  (8),  and  thetas  {&)  represent  in  each  case  the  nucleus  or 
nuclei  beloneing  to  a  cell,  and  the  succession  of  cell  generations  is  shown  by  a 
string  of  nuclei  either  simple,  in  pairs  (apaylogamic  double  cells),  or  fused  (para- 
gamic  double  cells ) .  The  half  circles  (c^^zy)  and  quadrants  ( ^  Ci )  represent  the  two 
cell  generations  formed  during  chromosome  reduction.  The  brackets  [  ]  represent 
a  cell  at  the  period  or  periods  when  the  organism  is  reduced  to  a  unicellular  condi- 
tion. All  the  signs  for  nuclei  could  be  supposed  to  be  inclosed  by  a  cell  wall,  which 
has  been  omitted  for  the  sake  of  clearness.  For  the  same  reason  only  the  cell  lineage 
leading  directly  up  to  the  formation  of  the  gametes  has  been  shown,  and  no  account 
has  been  taken  of  the  enormous  multiplication  of  cells  which  occurs  not  only  to  build 
up  the  bodies  of  animals  and  plants  but  also  to  form  many  gametes.  Only  a  lew  of 
the  numerous  cell  generations  which  make  up  the  organisms  in  question  are  shown. 

EXPLANATION    OF  SIGNS. 

Plasmapsis — fusion  of  the  cytoplasm,  or  unspecialized  protopla^. 
Karyapsis — fusion  of  the  nuclei,  or  nuclear  protoplasm. 
Synapsis — fusion  of  the  chromatin  elements. 

Heterotypic  and  homotypic  divisions  following  synapsis. 

^^^     Nuclei  of  haplogamic  phase — structures  compose*!  of  simple  cells  having 
^-'^-'^^^        nuclei  and  chromatin  elements  completely  fuseil. 

Nuclei  of  apaylogamic  phase — structures  composed  of  double  cell?,  each 
having  two  unfused  nuclei. 

Nuclei  of  paragamic  phase — structures  composed  of  double  cells  having 
w©©        single  nuclei  containhig  unfused  chromosomes. 

Cell,  at  periods  where  the  organism  in  reduced  to  a  single  cell. 
The  expanded  egg. 

EXPLANATION   OF   FIGURES. 
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Fig.  1. — ^Lower  organism,  such  as  Sphieroplea,  having  only  simple-celled  (haplo- 
gamic) tissues.  The  fertilized  egg  undergoes  no  development  beyond  merely  splitting 
up  into  four  spores  when  it  germinates. 

Fig.  2. — Higher  fungus,  such  as  Aearicus  or  Puccinia,  showing  alternation  of  simple- 
celled  and  double-celled  phases,  tlie  latter  apaylogamic,  i.  e.,  with  two  unfosed 
parental  nuclei  in  each  cell.  The  fertilized  egg  has  expanded  into  a  mass  of  apay- 
logamic tissue. 

Fig.  3. — Moss,  showing  alternation  of  a  long  simple-celled  and  a  short  double-celled 
phase,  the  latter  paragamic,  i.  e.,  with  parental  nuclei  fuseil  but  with  their  chro- 
mosomes still  distinct  and  unfused.  The  fertilized  egg  has  expanded  slightly  into  a 
mass  of  paragamic  tissue. 

Fig.  4. — Fern,  showing  alternating  pha.*^e3  as  in  moss  (figure  3),  but  with  a  short 
simple-celled  phase  and  a  long  double-celled  phase,  the  paragamic  phase  having 
developed  at  the  expense  of  the  haplogamic.  The  fertilized  egg  has  expanded  very 
much  into  a  mass  of  paragamic  tissue. 

Fig.  5. — Flowering  plant  (phanerogam),  showingalternationof  a  very  short  simple- 
celled  phase  with  a  very  long  double-celled  phase,  the  paragamic  phase  having 
developed  greatly  at  the  expense  of  the  haplogamic.  The  egg  mother-cell  develops 
only  one  cell  (macrospore).  The  fertilized  egg  expands  into  a  large  mass  of  para- 
gamic tissue  in  which  the  greatly  reduced  haplogamic  phase  develops  in  a  semipara- 
sitic  manner,  it  having  no  free  existence. 

Fig.  6. — Higher  animal,  ha\ang  only  double-celled  tissues,  the  haplogamic  phajse 
having  been  completely  suppressed  by  the  greatly  expanded  paragamic  phase.  The 
egg  mother-cell  develops  only  one  egg.  The  fertilizea  egg  has  expanded  into  a  laige 
mass  of  tissue. 

o 

26 


9»<  81,  Bureau  of  Plsnt  Industry,  U.  S.  Dept-  of  Agriculture. 


Plate  I. 


FIG.1.- LOWER  ORGANISM. 


F1G.2.    HIGHER  FUNGUS. 


FIG.3.-MOSS. 


FIG.4.-FERN 

>^COCOOOCKXXXXXX)QOQOOGQC>; 


FIG.  5.- FLOWER  I  NO  PLANT. 
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^  FIG.6.-HIGHER  ANIMAL. 
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Diagram  Illustrating  the  Network  of  Descent,  Succession  of  Generations, 
Alternating  Phases,  and  Expansion  of  the  Fertilized  Egg. 
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PREFACE. 


Since  the  discovery  of  gold  in  Alaska  in  1897  continuous  calls  for 
information  concerning  the  agricultural  possibilities  of  the  Alaska 
Peninsula  have  come  to  the  Department  of  Agriculture.  Much  valu- 
able information  on  this  topic  has  been  secured  by  the  Office  of  Ex- 
periment Stations  largely  through  the  Alaska  experiment  stations 
at  Sitka,  Kenai,  and  Copper  Center  in  charge  of  Prof.  C.  C.  George- 
son,  but  as  the  work  of  these  experiment  stations  was  necessarily 
largely  local  in  character,  and  as  it  was  highly  desirable  to  study  con- 
ditions in  sections  remote  from  the  stations,  the  Office  of  Experiment 
Stations  requested  the  Bureau  of  Plant  Industry  to  send  some  one  to 
explore  as  large  an  area  of  the  Alaskan  country  as  might  be  feasible. 
Accordingly  Prof.  C.  V.  Piper,  of  the  Office  of  Grass  and  Forage 
Plant  Investigations,  was  detailed  to  make  this  exploration  under 
the  joint  auspices  of  the  Office  of  Experiment  Stations  and  the 
Bureau  of  Plant  Industry.  The  summer  of  1904  was  spent  in  this 
work.  The  area  explored  is  shown  in  black  on  the  map  constituting 
Plate  I.  Many  interesting  facts  relating  to  agricultural  possibilities 
in  the  region  covered  were  recorded,  and  Professor  Piper  discusses 
them  in  the  following  pages  in  detail. 

For  further  information  concerning  the  results  of  this  exploration 
the  reader  is  referred  to  the  Annual  Report  of  the  Office  of  Experi- 
ment Stations  for  the  year  1904. 

W.  J.  Spillman,  A(/7'OstoIogist. 

Office  of  Grass  and  Forage  Plant  Investksations, 

Washington^  D.  6'.,  April  H^  WOo. 
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GRASS  LANDS  OF  THE  SOUTH  ALASKA  COAST. 


INTB0DI7CTI0N. 

A  glance  at  the  accompanying  map  of  Alaska  (PL  I)  will  show 
that  the  coast  line  beginning  at  Dixon  Entrance,  in  longitude  132°, 
latitude  54°  30',  and  extending  to  Unalaska,  in  longitude  166°  and 
latitude  54°,  is  nearly  in  the  form  of  a  semicircle,  or,  rather,  of  a  half 
ellipse,  the  east  and  west  diameter  of  which  would  1k>  al>out  2,000 
miles  and  the  north  and  south  diameter  about  half  this  distance. 
Near  the  northernmost  part  of  this  coast  line  are  two  large  inlets,  the 
eastern  one  Prince  William  Soimd,  the  western  one  Cook  Inl(>t.  It 
will  be  further  noticed  that  islands  a*re  very  numerous  on  the  coast 
and  that  the  coast  line  is  much  indented  bv  narrow  inlets  or  fiords,  a 
fact  better  shown  on  larger  maps.  The  principal  places  mentioned  in 
this  paper  are  likewise  indicated  on  the  map.  Officially,  the  region 
from  Mount  Saint  Elias  eastward  is  known  as  southeastern  Alaska, 
that  west  of  this  peak  as  southwestern  Alaska.  From  an  agricultural 
standpoint,  however,  there  is  a  much  better  and  very  marked  divid- 
ing line.  From  Cook  Inlet  eastward  practically  all  of  the  lands  lying 
near  the  coast  are  densely  timbered  up  to  an  altitude  of  2,000  to  3,000 
feet.  From  Cook  Inlet  westward,  excepting  Afognak  Island  and  a 
small  portion  of  Kadiak  Island,  the  lands  are  devoid  of  timber,  and 
are  for  the  most  part  grass  covered. 

The  total  area  of  the  coast  grass  lands  is  about  10,000  square  miles, 
nearly  all  of  which  lies  between  Cook  Inlet  and  Unalaska,  a  distance 
of  about  700  miles.  At  least  one-half  of  this  land  would  seem  capa- 
ble^ in  time  at  least,  of  profitable  utilization.  From  various  causes  it 
has  remained  until  now  practically  unused. 

South  Alaska  is  a  mountainous  country,  a  great  range  of  snow- 
capped peaks  on  the  mainland  paralleling  the  entire  coast.  Eastward 
from  Cook  Inlet  great  numbers  of  glaciers  arise  in  the  higher  moun- 
tains, and  manv  of  these  rivers  of  ice  extend  downward  to  the  sea. 
Westward  from  Cook  Inlet  no  glaciers  reach  the  sea,  although  many 
of  the  mountain  peaks  are  from  5,000  to  8,000  feet  high.  This  strik- 
ing difference  apparently  depends  on  a  much  smaller  annual  rainfall 

and  snowfall. 
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In  general  the  lands  are  hilly,  sometimes  rising  abruptly  from  the 
seashore,  but  seldom  too  steep  to  afford  a  luxuriant  grass  covering- 
More  often,  however,  the  hills  near  the  coast  are  low  and  rounded, 
with  intervening  valleys.  In  places  there  are  wide  areas  contiguous 
to  the  coast  of  from  100  to  1,000  feet  elevation  and  comparatively 
level.  Most  of  the  smaller  islands,  too,  have  comparatively  gentle 
slopes,  and  either  are  under  1,000  feet  elevation  or  have  but  few  hills 
reaching  above  that  height.  The  coast  line  everywhere  is  indented 
by  numerous  bays  or  inlets,  into  many  of  which  rivers  flow.  At  the 
heads  of  these  bays  there  are,  as  a  rule,  considerable  areas  of  flat  or 
nearly  flat  lands.  Such  locations  naturally  afford  the  most  advanta- 
geous sites  for  agricultural  settlements,  especially  as  these  flat  lands 
are  exceedingly  well  grassed,  and  with  little  preliminary  labor  can  be 
prepared  for  mowing. 

Where  the  land  is  level  it  is  very  likely  to  be  wet  and  covered  with 
a  growth  of  peat  moss.  Under  such  circumstances  it  supports  but  a 
scanty  vegetation.  Even  on  the  hillsides  this  peat  moss  may  become 
established,  and  where  it  does  so  the  grasses  quickly  become  less  lux- 
uriant. The  decay  of  this  moss  and  of  other  vegetation  results  in  the 
formation  of  a  humous  soil,  very  retentive  of  moisture.  So  deep 
does  this  humus  become  that  the  real  soil  is  often  entirely  concealed. 
Where  it  is  possible  to  destroy  this  moss  by  burning,  the  result  is 
always  a  hea\'y  crop  of  grass  or  other  plants.  Most  of  the  land  that 
lies  at  less  than  1,000  feet  elevation  is  covered  by  a  most  luxuriant 
growth  of  native  grasses.  Over  large  areas  these  grasses  are  fre- 
quently 6  feet  high,  thus  furnishing  a  large  quantity  of  fodder.  On 
the  remaining  areas,  lying  at  higher  elevations  or  on  exposed  slopes, 
the  grasses  are  too  short  to  cut  for  hay,  but  furnish  splendid  grazing. 

That  grass  in  Alaska  is  exceedingly  abundant  and  fairly  nutritious 
and  that  cattle  will  thrive  upon  it  are  facts  beyond  question.  But 
these  facts  in  themselves  are  not  sufficient  to  enable  a  prospective 
settler  thinking  of  engaging  in  stock  raising  to  determine  whether 
or  not  such  a  venture  would  be  likely  to  prove  profitable.  The  mere 
abundance  of  grass  of  fair  quality  is  not  sufficient  to  insure  success 
in  stock  raising  in  an  isolated  region  like  that  under  consideration. 

The  following  statements  regarding  the  Alaska  grass  lands  and 
the  factors  that  have  a  bearing  on  their  profitable  utilization  are 
based  on  as  complete  a  survey  as  one  season's  work  would  permit, 
together  with  the  facts  previously  recorded  by  reliable  authorities. 
A  detailed  report  of  the  conditions  actually  observed  will  appear  in 
the  Annual  Report  of  the  Office  of  Experiment  Stations  for  1904. 
The  present  bulletin  designs  rather  to  cite  these  facts  in  their  bearing 
upon  the  south  Alaska  grass  lands  as  a  desirable  field  for  stock 
raising. 
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THE  LOCATIOK  OF  THE  GRASS  LANDS. 

The  accompanying  map  (PL  I)  indicates  the  general  location  of 
the  southern  Alaska  areas  which  are  covered  with  gi'asses.  These 
areas  differ  considerably  in  detail  and  are  here  discussed  separately. 

KADIAK    ISLAND. 

Kadiak  Island,  which  lies  off  the  mouth  of  Cook  Inlet,  is  about  100 
miles  long  by  50  miles  wide.  It  is  mountainous  in  character,  the  hills 
rising  more  or  less  gently  from  near  the  seashore  to  heights  of  1,000 
to  3^000  feet.  At  the  end  of  July,  1904,  there  was  still  considerable 
snow  at  2,000  feet  (PI.  IV),  but  this  is  said  to  be  quite  unusual.  This 
island,  like  most  of  the  Alaska  coast,  is  much  cut  into  by  long,  narrow 
bays,  into  most  of  which  flow  streams.  The  flat  lands  lying  at  the 
deltas  of  these  streams  are,  as  a  rule,  very  heavily  covered  with 
grasses  (PI.  II).  The  sloj^es  also,  up  to  an  altitude  of  1,500  feet, 
are  well  gi*assed,  excej)t  where  there  ai'e  thickets  of  alder  or  willow ; 
but  these  sloi)es  are  usually  too  steep  to  utilize  otherwise  than  by 
grazing.  The  total  area  of  these  hillside  lands  is  much  greater  than 
that  of  the  approximately  level  stretches,  in  the  proportion  of  at  least 
20  tol. 

On  the  hillsides  the  principal  grass  is  bluetop  {CalamagroHtU 
langsdorfi) ,  which  often  covers  large  areas  in  a  pure  growth.  This 
was  exceedingly  fine  on  hillsides  burned  over  in  March,  by  which 
means  the  old  straw  and  moss  were  destroyed,  thus  permitting  bet- 
ter drainage  and  making  the  soil  warmer.  In  such  places  this  grass 
is  often  6  feet  high.  On  the  contrary,  if  the  hills  are  burned  over 
in  June  the  fire  is  likely  to  kill  the  grass  roots  as  well  as  the  moss, 
with  the  result  that  fireweed  usually  takes  possession  of  the  ground. 

Other  grasses  than  bluetop  on  the  hillsides  are  relatively  unimpor- 
tant, though  sometimes  considerable  areas  of  Sil^erian  fescue  occur, 
and  on  the  higher  slopes  are  a  number  of  low  grasses  of  forage  value. 
On  the  flat  lands  Ixjfore  mentioned  the  tall  beach  sedge  {Carex 
cryptocarpa)  forms  a  broad  fringe  along  the  shores  of  the  bays  and 
sloughs,  especially  on  lands  which  are  occasionally  covered  by  tide 
w^ater.  Back  of  this  sedge,  beach  rye  {Ehjmus  7nollis)  forms  a  more 
or  less  broad  zone,  often  mixed  with  patches  of  a  coarse  bluegrass 
(Poa  fflumaris).  In  the  still  drier  portions  bluetop  occupies  the 
ground  almost  exclusively.  The  three  plants  mentioned  furnish  the 
great  bulk  of  forage  on  Kadiak  Island,  and  indeed  on  most  parts  of 
the  Alaskan  coast,  but  the  bluetop  is  more  abundant  than  all  of  the 
other  gra.sses  combined. 

Bluetop  has  slender  stems  and  thin  leaver,  thus  curing  very  readily 
and  making  a  sweet  and  palatable  hay.    Beach  rye,  on  the  contrary, 
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has  thick  stems  and  thick  leavas,  in  consequence  of  which  it  cures 
slowly.  Beach  sedge  has  a  three-sided,  solid,  pithy  stem,  and  is 
therefore  very  difficult  to  dry.  All  three  of  these  plants  grow  so 
luxuriantly  that  they  often  yield  3  tons  of  hay  or  more  per  acre. 

Of  forage  plants  other  than  grasses  the  lupine  and  fire  weed,  here- 
after described,  are  both  abundant.  In  a  green  state  they  are  readily 
eaten  by  sheep,  but  cattle  prefer  the  grasses. 

In  portions  of  the  island  which  have  been  more  or  less  closely 
grazed  for  some  years  it  was  noticeable  that  the  taller  wild  grasses 
had  largely  disappeared,  being  replaced  principally  by  bluegrass 
{Poa  pratensis)  and  wild  barley  {Ilordeum  boreale).  Cattle  seem 
to  be  much  more  fond  of  the  former  than  of  the  latter  grass,  although 
in  parts  of  northern  Europe  the  wild  barley  is  considered  a  most 
excellent  grass. 

All  of  Kadiak  Island,  except  a  small  portion  in  the  extreme  north- 
east, is  practically  timber  less,  as  are  most  of  the  adjacent  islands. 
In  the  valleys,  however,  there  is  usually  a  small  number  of  cotton- 
woods  and  willows,  and  on  wet  slopes  scrub  willows  and  alders  form 
dense  thickets.  Afognak  Island,  however,  which  lies  northeast  of 
Kadiak,  is  quite  densely  covered  with  spruce. 

ALASKA   PENINSULA   AND   ADJACENT  ISLANDS. 

The  whole  region  to  the  west  of  Kadiak  Island  might  briefly  be 
described  as  similar  to  that  island,  but  entirelv  deviod  of  timber,  the 
shrubs  being  more  scrubby  and  the  grasses  less  luxuriant.  The 
peninsula  itself  is  very  mountainous,  and  for  considerable  stretches 
along  the  coast  the  hills  rise  abruptly  from  the  water's  edge.  In  the 
bays  and  inlets,  however,  there  are  frequently  considerable  areas  of 
comparatively  level  lands  well  grassed,  though  seldom  as  luxuriantly 
covered  as  those  before  mentioned.  The  islands  lying  off  the  coast 
are  comparatively  low,  and  some  of  them  are  said  to  be  exceedingly 
well  adapted  to  stock  raising.  Such  areas  as  were  examined  indicate 
that  in  general  there  is  a  greater  variety  of  forage  grasses  than  to  ' 
the  eastward,  but  most  of  them  are  smaller  in  size. 

At  the  present  time  there  is  a  mail  steamer  plying  once  a  month 
between  Valdez  and  Unalaska.  This  boat  carries  the  mail,  and  stops 
at  such  points  as  business  demands.  The  population  of  this  entire 
region  is  exceedingly  sparse,  and  many  of  the  outlying  islands  would 
probably  have  to  be  reached  by  means  of  sailing  craft. 

UNALASKA   AND   THE   NEIGHBORING   ISLANDS. 

Unalaska  and  the  neighboring  islands  differ  on  the  whole  compara- 
tively little  from  Kadiak  Island,  though  the  vegetation  as  a  rule  is 
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decidedly  less  luxuriant.  The  grasses  are  much  the  same  in  kind, 
although  differing  in  their  relative  abundance.  Some  difficulty 
would  be  experienced  on  these  islands  in  finding  sufficient  tall  grass 
to  furnish  winter  fodder  in  case  large  quantities  were  necessary, 
though  in  some  of  the  more  sheltered  valleys  small  areas  were  ob- 
served where  the  grasses  were  very  tall.  There  is  quite  a  herd  of 
cattle  at  Unalaska  which,  according  to  local  reports,  receive  but  very 
i-light  attention  during  the  winter,  only  a  small  quantity  of  feed 
being  cut  for  them.  The  principal  advantage  of  Unalaska  and  the 
neighboring  islands  would  seem  to  lie  in  the  fact  that  they  are  on 
the  line  of  travel  of  the  vessels  going  to  the  Yukon  and  to  Nome.  If 
sufficient  numbers  of  cattle  were  raised  on  these  islands,  doubtless 
little  difficulty  would  be  experienced  in  finding  a  market  for  them  at 
the  above-mentioned  points.  Indeed,  a  Seattle  company,  which  pur- 
poses, among  other  things,  to  engage  in  cattle  raising  primarily  for 
thet^  northern  markets,  has  already  begun  operations  on  Akun 
Island. 

KENAI   PENINSULA. 

Kenai  is  the  name  given  to  the  large  peninsula  lying  between  Cook 
Inlet  and  the  Gulf  of  Alaska.  That  portion  of  it  on  the  east  side  of 
Cook  Inlet  and  north  of  Kachemak  Bay,  comprising  an  area  100 
miles  long  by  20  to  30  miles  wide,  is  an  extensive  plateau.  Its  south- 
ern portion,  on  Kachemak  Bay,  lies  500  to  1,000  feet  or  more  above 
the  sea  level.  It  slopes  mainly  to  the  westward,  so  that  that  part 
from  Anchor  Point  northward  is  but  100  to  200  feet  above  the  sea 
level.  Most  of  this  land  is  timbered  with  spruce,  but  there  are  con- 
siderable areas  of  grass  near  Anchor  Point,  near  Homer,  and  on  the 
north  side  of  Kachemak  Bay. 

At  Homer  there  is  an  extensive  sand  spit,  about  4  miles  in  length 
and  from  one-fourth  to  1  mile  across,  which  supports  a  good  growth 
of  several  grasses  and  sedges.  Beach  rye  is  the  most  important  and 
most  abundant,  but  red  fescue,  bluegrass,  and  seashore  grass  furnish 
considerable  grazing.  At  the  base  of  the  spit  the  land  rises  grad- 
ually to  the  high  plateau  above,  the  scattered  timber  giving  the  ap- 
pearance of  mountain  parks.^  The  open  portions  of  this  land  support 
a  luxuriant  growth  of  bluetop,  often  6  feet  tall.  At  a  rough  estimate 
the  open  grass  lands  in  this  vicinity  comprise  about  2,000  acres. 

The  site  of  a  proposed  Finnish  colony  is  on  the  north  side  of  Kache- 
mak Bay,  not  far  from  its  head.  From  the  colony  site  to  the  head  of 
the  bay  are  extensive  tide  flats,  which  are  mainly  covered  with 
sedges  about  2  feet  high.  The  marshy  nature  of  these  lands,  together 
with  the  coarse  nature  of  the  forage,  makes  them  of  but  limited  value. 
Undoubtedly  they  can  be  much  improved  by  diking. 
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The  grass  lands  of  the  colony  site  proper  consist  of  about  500  acres 
of  excellent  land,  covered  with  a  luxuriant  growth  of  bluetop. 
These  lands  lie  close  to  the  seashore  and  less  than  100  feet  above  it. 
Back  of  these  lands  are  hills  500- to  1,500  feet  high,  the  plateau  on  the 
top  of  which  consists  in  part  of  extensive  grass  areas.  Much  of  this 
grass  is  bluetop,  often  6  feet  high.  Other  areas  are  pure  growths 
of  Siberian  fescue.  Interspersed  with  these  are  several  other 
good  grasses,  but  none  of  them  in  great  quantity.  These  plateau 
grass  lands  are  apparently  very  extensive.  To  render  them  accessible 
will,  however,  require  the  building  of  roads  or  trails  up  to  the  easiest 
slopes.  At  Anchor  Point  there  is  but  little  grass  land  near  the  sea- 
shore, but  on  the  plateau  behind  are  considerable  areas  much  like 
those  just  described.  The  plateau  at  this  point  is,  however,  much 
lower. 

An  important  circumstance  in  relation  to  all  of  the  grass  lands  of 
this  region  lies  in  the  fact  that  they  are  underlaid  with  coal,  which  is 
exposed  for  miles  in  the  bluffs  along  the  coast.  In  view  of  this  fact 
it  is  doubtful  if  title  to  the  land  can  be  gained  by  homesteading  it 

At  Kenai  there  are  no  naturally  grassed  lands,  except  the  sand 
dunes  along  the  beach  and  the  marshes  lying  inside  of  them.  The 
dunes  are  covered  principally  with  beach  rye  and  bighead  sedge 
{Car ex  macrocephala) .  In  the  brackish  marshes  red  fescue  and  sea- 
shore grass  are  plentiful.  Here  also  is  found  poison  parsnip  (Cicuta 
douglasii)  in  small  marshes,  and  there  is  a  record  of  some  native  cows 
having  been  killed  by  it  several  years  ago. 

• 

THE  YAKUTAT  PLAINS. 

The  only  extensive  areas  of  grass  lands  known  in  southeastern 
Alaska  are  those  lying  in  the  y'w^t  valleys  near  the  coast  south  of 
Yakutat.  Inasmuch  as  these  lands  have  been  several  times  referred 
to  in  reports,  and  as  they  are  now  in  part  accessible  owing  to  the 
building  of  the  Yakutat  and  Southern  Railway,  a  careful  examina- 
tion was  made  of  them.  The  above-mentioned  railway  has  been  built 
primarily  to  reach  the  several  rich  salmon  streams  flowing  into  the 
ocean  south  of  Yakutat,  it  being  impracticable  to  fish  them  by  ap- 
proach from  the  ocean.  This  railway  is  projected  to  be  built  to  the 
Alsek  River,  a  distance  of  45  miles.  At  present  it  is  built  only  to 
the  Setuck  River,  10  miles  from  Yakutat. 

Practically  the  whole  of  this  region  is  an  old  glacial  moraine,  com- 
posed of  fine  gravel,  which  slopes  very  gently  to  the  seashore.  The 
land  close  to  the  seashore  is  somewhat  higher  than  that  lying  behind, 
and  is  heavily  timbered.  Owing  to  this  strip  of  higher  land  most 
of  the  streams  flow  parallel  to  the  coast  for  some  distance  near  their 
debouchments.     It  is  along  the  valleys  of  these  streams  that  the  grass 
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lands  lie,  but  owing  to  the  flatness  of  the  land  and  the  slight  eleva- 
tion above  the  sea  level  they  are  very  ill-drained,  notwithstanding 
the  gravelly  nature  of  the  soil. 

Traveling  along  these  rivers  in  a  canoe  one  receives  the  impression 
that  the  grass  is  tall  and  rank  on  these  flat  lands.  This,  in  fact,  is 
the  case  on  a  very  narrow  strip  just  along  the  river  banks,  where  there 
is  a  fine  growth  of  bluet  op  (Calamagrostis  langsdorfii)  and  sedge 
(Carex  »itch€7ms  Presc.).  This  strip  of  tall  grass  is,  however, 
nearly  always  confined  to  the  immediate  banks  of  the  rivers.  The 
great  mass  of  the  land  is  covered  with  a  thin  layer  of  bog  moss,  which 
supports  but  a  scant  vegetation  of  grass  and  sedges  less  than  a  foot 
high. 

It  is  a  conservative  statement  to  say  that  fully  80  per  cent  of  thase 
Yakutat  grass  lands  are  thus  scantily  grassed.  Apart  from  this 
scant  amount  of  grass,  which  practically  precludes  the  cutting  of 
winter  forage,  another  serious  difficulty  presents  itself  in  the  fact 
that  poison  parsnip  {Cicuta  douglam)  occurs  quite  plentifully  over 
all  the  land  that  is  the  least  boggy,  which,  as  before  stated,  is  80  per 
cent  of  the  area.  Thus,  even  if  these  meadows  were  used  only  for 
grazing,  great  care  would  need  to  be  exercised  in  the  spring,  when 
grass  is  scanty  and  the  sweet  but  very  poisonous  tubers  of  this  plant 
are  frequently  forced  to  the  surface  by  the  frost. 

While  the  above  statements  are  true  concerning  the  Yakutat 
meadows  as  a  whole,  there  are  small  areas  which  are  exceptional. 
For  example,  along  the  lower  Ankow  River  occurs  a  narrow  strip 
of  several  hundred  acres  well  grassed  with  silver-top  {Deachampsia 
co'spitosa)  and  beach  rye  (Elymus  mollifi)  and  free  from  Cicuta. 
Care  would  need  to  be  exercised  in  utilizing  even  this,  as  the  sur- 
rounding boggy  lands  bear  an  abundance  of  poison  parsnip. 

Again,  the  strip  of  land  lying  just  within  the  ocean  dunes  is  often 
well  grassed  with  beach  rye  and  red  fescue  {Festuca  rubra). 

A  particularly  good  area  of  arable  land  lies  along  the  railway 
where  it  reaches  the  Setuck  River.  This  consists  of  3  or  4  square 
miles  of  gravelly,  well-drained,  level  land,  at  present  looking  much 
like  a  worn-out  meadow.  It  is  apparently  very  well  adapted  to  such 
cultivated  grasses  as  smooth  brome-grass  and  tall  meadow  oat-grass. 
It  will  undoubtedly  grow  all  sorts  of  hardy  vegetables.  The  present 
grass  covering  is  rather  scanty,  but  it  is  probable  that  this  can  be 
greatly  increased  by  cultivation.  This  particular  piece  of  land  is 
well  worthv  of  the  attention  of  homesteaders. 

It  is  within  the  bounds  of  possibility  that  the  larger  part  of  the 
Yakutat  plain  can  be  drained  and  made  into  fine  meadow  lands.  In 
its  present  state,  however,  this  land  is  not  adapted  to  stock  raising, 
with  the  exception  of  such  small  areas  as  above  noted. 
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IlilPOBTANT  FACTOBS  RELATING  TO  THE  AGBICULTUBAIi 

VAIiTJE  OF  THE  GBASS  LANDS. 

In  determining  whether  or  not  the  grass  lands  previously  described 
offer  a  desirable  field  for  settlement,  a  number  of  factors  that  bear 
more  or  less  directly  upon  the  problem  need  consideration.  These 
factors  may  be  discussed  in  the  following  sequence: 

(1)  The  abundance  and  permanence  of  the  feeds  available. 

(2)  The  possibility  of  raising  forage  on  cultivated  lands. 

(3)  The  known  facts  in  regard  to  live-stock  raising. 

(4)  The  available  markets. 

(5)  Transportation  facilities  and  freight  rat^s. 

(6)  The  desirability  of  south  Alaska  as  a  home. 

(7)  The  choice  of  a  location 

THE    ABUNDANCE    AND    PERMANENCE    OF    NATIVE    FODDER    PLANTS. 

Live-stock  husbandry  in  Alaska  will  have  to  depend  primarily 
upon  the  native  plants,  supplemented  in  time,  perhaps,  by  such 
additional  ones  as  experiments  shall  indicate  may  compete  with  the 
native  plants,  or  which  upon  cultivated  land  will  yield  heavily 
enough  to  be  profitable.  The  most  important  and  abundant  of  the 
native  forage  plants  are  as  follows : 

Bhiefop. — Bluetop  {Calamagrostls  langsdovfii)  is  by  far  the  most 
plentiful  tall  grass  in  Alaska,  growing  along  the  whole  coast.  On 
Kadiak  Island  and  the  Kenai  Peninsula  it  is  especially  abundant, 
often  being  0  feet  high  and  very  dense  (PI.  III).  It  grows  with 
special  luxuriance  on  hillsides  that  have  been  burned  over  early  in 
the  spring.  This  burning  dastroys  the  moss,  and  thus  makes  the  soil 
better  drained  and  warmer.  Bluetop  also  flourishes  on  the  level 
boggy  lands,  but  prefers  a  well-drained  soil.  Owing  to  its  thin 
stems  and  leaves  it  cures  very  readily,  and  is  therefore  the  usual  hay 
grass  of  Alaska.  It  is  often  called  redtop,  but  this  name  should  be 
restricted  to  the  true  redtop,  a  very  different  grass. 

There  are  no  accurate  data  bearing  on  the  point  as  to  how  well 
this  grass  will  withstand  continued  cutting,  but  the  general  belief  is 
that  it  rapidly  becomes  thinner  in  stand.  It  is  noticeable  about 
villages  where  cows  are  kept  that  the  bluetop  is  scarce,  being  replaced 
by  other  grasses,  especially  bluegrass  and  wild  barley.  The  area  of 
bluetop  is  so  great,  however,  that  in  many  places  it  would  be  quite 
practicable  to  manage  so  as  not  to  cut  the  same  plats  two  years  in 
succession,  which  practice  would  probably  maintain  the  density  of 
the  stand. 

Beach  rye, — Along  all  the  quiet  shores  and  inlets  of  Alaska, 
wherever  there  is  low  land  near  the  beach,  there  is  a  strip  of  beach 
rye  {Elymus  mollis)  occurring  just  al>ove  high-tide  level.    Some- 
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times  this  strip  is  only  a  few  feet  wide,  but  on  the  low  level  lands 
near  the  heads  of  fiords  there  are  often  large  areas  of  it  o  to  5  feet 
high  (PL  II,  fig.  2).  One  patch  of  it  examined  had  been  cut  the 
year  previous,  and  on  this  the  stand  was  scarcely  half  as  dense  as  on 
neighboring  pieces  which  had  not  been  cut.  This  observation  ac- 
cords with  the  experience  of  others. 

AVhere  sand  dunes  occur  on  the  coast,  as  at  Kenai  and  near  Yakutat, 
beach  rye  is  an  important  sand  binder.  In  such  locations  it  is  often 
very  different  in  appearance  from  that  found  in  other  situations, 
the  heads  being  short  and  thick.  This  is  the  result  of  infestation  by 
a  parasitic  worm. 

Bluegrasa. — The  true  Kentucky  bluegrass  {Poa  pratenms)  is  com- 
mon all  along  the  Alaska  coast,  where  it  thrives  to  {perfection.  It 
shows  a  tendency  to  occupy  the  ground  where  closely  grazed,  and 
cattle  exhibit  a  marked  preference  for  it.  Several  closely  allied 
species  also  occur,  and  it  is  an  important  fact  that  they  i)ersist  and 
increase  where  other  grasses  disappear,  which  seems  to  insure,  the 
permanence  of  pasturage  of  a  high  quality. 

Silcer-top, — The  very  nutritious  grasses  known  as  silver-top 
(Deschampiiia  CfFspitosa  and  Z>.  hottnica)  occur  in  some  abundance, 
especially  in  gravelly  soils,  whether  on  the  hillsides  or  near  the  s(»a- 
shore.  Owing  to  their  stems  being  nearly  leafless  they  yield  but 
little  hav,  but  the  numerous  fine  basal  leaves  furnish  most  excellent 
forage. 

Siberian  fescue. — Siberian  fescue  (Festuea  altaim)  makes  large 
tussocks,  especially  in  gravelly  soil  and  in  open  timber  up  to  1,000 
feet  elevation.  In  such  locations  it  often  makes  a  nearly  pure  growtli 
It  seems  to  be  fully  as  nutritious  as  the  well-known  sheep  fescue, 
but  is  a  much  larger  grass. 

Sedges, — Two  tall  species  of  sedge,  Carex  cryptocarpa  and  C, 
idtckensin,  in  places  make  dense  stands  3  feet  high  or  more,  especially 
in  wet  soil;  in  the  case  of  the  former,  more  especially  in  tidal 
marshes.  Considerable  quantities  of  this  sedge  were  cut  for  hay 
near  Kadiak,  and  it  is  said  to  furnish  excellent. feed.  These  sedges 
are  lx)th  quite  smooth  and  soft,  unlike  most  others. 

Alaska  lupine. — The  blue-flowered  plant  known  as  Alaska  lupine 
(Lupin us  xinalaschensis)  is  quite  tall,  often  8  feet  high,  and  some- 
times occupies  large  areas  almost  to  the  exclusion  of  other  plants. 
It  is  thick  leaved  and  rather  fleshy,  and  is  the  only  leguminous  plant 
that  is  really  abundant  in  Alaska.  Sheep  eat  it  readily.  Should 
it  prove  palatable  as  well  as  nutritious  to  cattle  the  problem  of  a  good 
winter  ration  for  milch  cows  would  be  considerably  simplified.  Ex- 
periments with  it  as  silage,  both  pure  and  mixed  w^ith  grass,  are  much 
to  be  desired. 
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With  the  exception  of  this  plant  the  only  legumes  of  forage  value 
in  the  grass  regions  are  two  species  of  wild  pea,  both  of  which, 
unfortunately,  are  rather  scarce. 

Fireweed^ — The  well-known  plant  called  fireweed  {Epilobium  an- 
gustifolium)  often  occupies  the  ground  to  the  exclusion  of  others, 
especially  where  the  land  has  been  burned  over  in  summer  and  the 
grass  roots  thus  destroyed.  Sheep  seem  fond  of  it.  It  is  possible 
that  this  plant  may  prove  profitable  as  silage,  at  least  when  mixed 
with  grasses,  but  no  tests  with  this  end  in  view  seem  to  have  been 
made.     Its  great  abundance  at  times  makes  such  a  test  desirable. 

There  are  three  possible  ways  of  preserving  the  above-mentioned 
plants  for  wunter  feed.  The  more  easily  dried — as  bluetop  and  blue- 
grass — may  be  made  into  hay.  Continued  sunshiny  w^eather  on  the 
Alaska  coast  is  not  to  be  depended  upon,  so  that  haymaking  is 
accomplished  only  w^ith  much  uncertainty.  WTiere  one  needs  but  a 
small  amount  of  fodder,  little  difficulty  is  experienced  in  select- 
ing the  few  necessary  sunshiny  days.  Where,  on  the  contrar^^  one 
needs  great  quantities  of  winter  feed,  haymaking  is  impracticable. 
Resort  in  such  cases  must  be  had  either  to  brown  hay  or  to  silage. 
Brown  hay  is  simply  half-cured  hay,  made  by  stacking  the  grass 
green  or  half  dry — really  a  compromise  between  hay  and  silage. 
Sometimes  salt  is  scattered  over  the  layers  while  it  is  being  stacked. 
It  is  more  or  less  used  in  all  countries  where  haymaking  is  difficult. 
While  analyses  show^  it  to  contain  practically  as  much  nutriment  as 
hay  or  silage,  cattle  are  not  eager  for  it,  and  it  can  be  considered 
only  an  emergency  feed. 

Unquestionably  when  large  quantities  of  winter  forage  are  needed 
for  stock,  silage  must  be  depended  upon,  and  undoubtedly,  all  things 
considered,  it  will  be  the  most  satisfactory  feed.  Practically  the  only 
Alaska  forage  plant  thus  far  used  as  silage  is  beach  rye,  and  the 
experiences  with  tliis  plant  of  Prof.  C.  C.  Georgeson,  special  agcMit 
in  charge  of  the  Alaska  Agricultural  Experiment  Stations,  and  of 
others  who  have  grown  it,  show  it  to  be  both  palatable  and  nutri- 
tious. In  all  probability  other  Alaskan  grasses,  and  perhaps  other 
plants,  will  be  found  to  be  quite  as  satisfactory. 

Where  timber  is  avaihible  silos  may  be  constructed  of  logs,  like 
the  one  at  the  Sitka  Experiment  Station.  This  silo  has  the  advantage 
of  enabling  a  man  to  utilize  his  own  labor.  On  the  other  hand,  the 
material  for  stave  silos  can  be  secured  at  very  reasonable  prices,  and 
this  doubtless  is  the  best  silo  to  use  in  the  timberless  regions. 

FOOD   VALUE   OF   NATIVE   ALASKAN    GRASSES. 

Chemical  analyses  have  been  made  of  the  principal  Alaskan  grasses, 
and  while  these  can  be  properly  interpreted  only  in  connection  with 
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digestion  experiments,  their  comparison  with  the  analyses  of  stand- 
ard fixasses  furnishes  some  measure  of  their  value. 


Analyses  of  Alaskan  grasses  {air-dried  samples  taken  trhcn  in  floicer). 


Species 


Water.  .Protein 


Fat. 


,    Nitro- 
>ren-free 
extract. 


Crude 
fiber. 


Ash. 


iPercf'nt. 

Vtilaina.gro6ti»  langadtrrjii  (Blaetop) . .  J  7. 18 

Car^jT  rrypiffcturpa  (S'Hlf^e) ,  5.85 

El^muM  moZ/is  (Beach  rye) '  11.92 

PhUum  praten^  (Timothy) |  8.59 

PiMiura  fercns  (Blueerraas) i  8.11 

Dr^rhalan.pma  bottn  ica  ( Silver-top) i  8. 75 

Calam€BgrtM(ti9  aleutica 8.33 


Percent. 

Percent. 

Percent. 

Percent. 

Percent. 

4.58 

1.08 

40.37 

42.94 

3.90 

10.32 

2.12 

45.34 

«.72 

10.05 

12.71  ' 

2.26 

35.29 

30.31 

7.51 

8.94 

2.14 

45.09 

30.06 

4.58 

8.94  ; 

2.04 

41.45 

34.24 

5.22 

7.44 

2.07 

47.06 

31.54 

4.15 

10.00 

L37 

37.89 

38.89 

4.52 

Analyses  of  standard  grasses  for  Cf/mparison, 


opecies. 


/\mx  pratensttB  (Bluegrass) 

Aaromtia  alba  (Redtop) 

FMeum,  pratenae  (Timothy) 

Dactpiit  glotnerata  (Orchard  grass)  . . 
DeMrkampsia  cceapitosa  (Silver-top)... 
Calamagrostis  canadensis  (Blue joint) 


I 


Water.    Protein. 


Fat. 


Nitro-  I 
Ken -free  i 
extract. 


Oude 
fiber. 


i     Ash. 


Percent.   Percent.  Percent.  Percent.   Percent.,  Per  cent. 


17.44 
14.30 
15.01 
14.30 
14.30 
6.87 


10. «» 
8.48 
6.(»1 
7.34 
9.04 

11.19 


3.45 

2.84 
3.01 
2.28 
1.06 
3.45 


46.10 
48.77 
41.90 
47.08 
37.20 
35.82 


22.09 
21.71 
29.59 
23.58 
29.  (H 
37.18 


7.35 
5.90 
4.48 
5.42 
9.37 
5  49 


The  analyses  of  the  Alaskan  grasses  were  all  made  by  the  Bureau 
of  Chemistry  of  the  Department  of  Argiculture,  and  with  the  excep- 
tion of  the  first  three,  from  material  collected  in  1904,  were  originally 
published  in  Bulletin  No.  48,  Office  of  Experiment  Stations.  The 
other  analyses  have  been  compiled  from  various  authorities. 

CULTIVABLE   FORAGE    CROPS. 

The  experiences  of  a  number  of  individual  investigators,  as  well  as 
the  tests  made  at  the  Sitka  and  Kenai  experiment  stations,  throw  a 
good  deal  of  light  on  the  possibilit}^  of  growing  fodder  plants  and 
forage  crops  on  cultivated  land.  Much  more  testing  is  necessary, 
however,  before  some  of  the  conclusions  which  at  present  seem  prob- 
able can  be  considered  demonstrated. 

In  the  way  of  grasses  the  tests  made  at  Sitka  by  Professor  George- 
son  on  muck  soils  showed  tall  meadow  oat-grass  to  be  the  most  prom- 
ising. Tall  fescue,  bluegrass,  meadow  foxtail,  and  redtop  did  fairly 
well,  while  orchard  grass,  timothy,  and  Italian  rye-grass  were  not 
promising.  From  observations  on  a  number  of  these  and  other 
grasses  introduced  by  chance,  some  rather  definite  conclusions  may 
be  drawn.  Timothy  is  more  or  less  abundantly  introduced  at  various 
places  on  the  coast,  but  does  not  as  a  rule  thrive  very  well,  Ijeing  often 
inferior  in  size  to  the  native  mountain  timothy.     It  is  altogether 
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probable,  however,  that  a  variety  of  timothy  suited  to  the  conditions 
might  readily  be  secured  by  selection,  as  chance  specimens  of  the 
plant  seen  were  very  fine.  The  success  of  such  a  selection,  however, 
will  largely  depend  on  the  possibility  of  growing  seed  in  Alaska. 

Among  other  useful  grasses  that  have  become  accidentally  intro- 
duced and  show  marked  adaptability  to  the  conditions  are  redtop, 
rough-stalk  meadow  grass,  bluegrass,  and  fowl  meadow  grass. 

White  clover  thrives  everywhere  along  the  coast  and  is  an  aggres- 
sive plant.  Red  clover  and  alsike  are  not  promising  and  alfalfa 
does  not  thrive. 

In  the  wav  of  cereals,  the  earliest  varieties  of  oats  and  barlev  will 
mature  for  two  or  possibly  three  out  of  five  seasons.  Of  course,  such 
a  crop  is  not  entirely  lost  if  the  grain  fails  to  mature,  as  it  can  be 
utilized  as  hay  or  silage.  On  this  account  it  will  probably  be  wisest 
to  grow  the  crop  mixed  with  field  peas,  as  such  a  mixture  w411  make 
excellent  silage,  whereas  oats  alone  could  only  be  preserved  as  hay,  a 
difficult  thing  to  do  so  late  in  the  season.  It  is  to  be  clearly  under- 
stood that  under  present  conditions  it  is  unnecessary  to  plant  any 
cultivated  ground  in  such  crops  as  grass,  or  perhaps  even  legumes. 
The  above  facts  are  of  value  simply  as  indicating  w^hat  well-known 
forage  plants  will  thrive,  thus  to  some  extent  showing  the  future 
agricultural  possibilities  of  Alaska. 

SILAGE    ALONE   AS    A    RATION    FOR    MILCH   COWS. 

The  writer  has  been  unable  to  find  any  published  data  on  results 
obtained  by  feeding  milch  cows  nothing  but  grass  silage.  Presuma- 
blv  the  l>est  of  results  would  not  thus  be  obtained. 

In  order  to  obtain  some  light  on  the  subject.  Dr.  James  Withy- 
combe,  director  of  the  Oregon  Experiment  Station,  was  requested  to 
conduct  such  a  test.  The  results  of  his  experiment  are  reported  as 
follows : 

The  silage  test  was  made  on  a  nonbreeding  Jersey  cow  which  freshened  In 
February,  1902.  In  January,  1904,  this  cow  was  fed  largely  on  silage,  with  a 
moderate  amount  of  mill  feed  and  liglit  ration  of  hay  as  a  preliminary  pi'epara- 
tion.  From  Febniary  1  to  April  30  she  was  fed  wholly  on  corn  silage  and  a  light 
ration  of  ground  oats  daily.  She  consume<l  during  the  ninety  days'  feeding 
3,785  pounds  of  corn  silage  and  270  pounds  of  the  oat  chop.  The  following  table 
shows  variation  in  weight  and  her  production : 


Date. 


Decrember  1. 
January  1.. 
February  1  , 


Aver- 

Weight. 

Milk. 

age 
test. 

Lbs. 

IM. 

P.ct. 

955 

196 

5.8 

945 

199 

5.9 

905 

178 

5.7 

Fat. 


JJ>8. 

11.86 
11.74 
10. 15 


Date. 


Weight. 


Lbs. 

March  1 i  925 

Aprill I  890 

April  30 1  860 
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The  cow  was  in  good  condition  at  the  close  of  the  exi)erinient,  which  indicates 
that  siiage  may  with  safety  constitute  a  large  portion  of  the  ration  of  a  dairy 
cow. 

This  experiment  was  undertaken  at  the  suggestion  of  the  Government  agros- 
tologist  to  determine  in  a  measure  if  it  were  practicable  to  winter  cattle  in 
Alaska  on  grass  silage. 

The  3  ]K)unds  of  ground  oats  were  fed  daily  for  the  purpose  of  bringing  the 
com  silage  up  to  a  protein  standard  e<]ualing  that  of  mixed-grass  silage. 

Protein  percent  age  of  feed  eonsumed. 

Ground   oats 11.56 

Com   silage 1.58 

Protein  percentage  of  grass  silage —(approximately)     2.72 

Average  amount  of  total  protein  consumed  daily  in  42  i)ounds  of  corn  silage 
and  3  pounds  of  ground  oats.  1.01  pounds.  Approximate  amount  of  protein  con- 
tained in  4()  ix)uuds  of  grass  silage,  l.OS  pounds. 

It  will  thus  be  seen  that  this  test  indicates  that  cattle  can  he  successfully 
wintered  on  grass  silage  and  that  dairy  cows  may  be  expected  to  yield  a  reason- 
able amount  of  milk  when  fed  exclusively  on  this  feed. 
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Hogs. — A  few  hogs  were  seen  at  various  Alaska  villages.  They 
are  fed  refuse,  and  graze  on  various  succulent  plants  when  obtain- 
able. They  are  very  fond  of  wild  rice,  the  bulb  of  a  lilylike  plant 
(Fritillaria  kavitsehatica) ,  which,  however,  is  not  very  abundant. 
Unfortunately  these  animals  are  prone  to  feed  on  fish  offal  and  other 
sea  refuse,  and  as  a  consequence  their  flesh  has  a  disagreeable  flavor. 
I'nquestionably  there  is  too  little  feed  adapted  to  hogs  to  make  their 
raising  profitable  in  Alaska. 

Goats, — Angora  goats  have  been  tested  by  the  Alaska  Commercial 
Company  at  Kadiak  and  by  Rev.  C.  P.  Coe  at  Wood  Island. 
According  to  Mr.  Washburn,  formerly  resident  superintendent  of  the 
Alaska  Commercial  Company  at  Kadiak,  the  company  had  a  few 
years  ago  about  50  head  of  these  animals  on  IJkamak  Island,  near 
Kadiak,  which  were  entirely  self-sustaining,  increasing  about  60  per 
cent  each  year.  The  mohair  is  said  to  have  been  good,  both  in  quan- 
tity and  quality. 

Rev.  C.  P.  Coe,  of  Wood  Island,  has  several  head  of  Angora  goats 
which  have  passed  the  last  two  winters'  with  but  little  care.  This 
year  his  herd  has  shown  very  satisfactory  increase,  and  no  difficulty  is 
anticipated  in  wintering  the  kids.  A  large  part  of  their  feed  is 
derived  from  willows  and  other  browse,  and  where  this  is  abundant 
the  animals  need  but  little  feed  in  winter.  Owing  to  their  tracta- 
bility  and  the  ease  with  which  they  are  kept,  especially  where  browse 
is  abundant,  Angora  goats  should  prove  most  useful  animals  both 
for  the  natives  and  for  whites. 
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Sheep  huahandry, — Two  definite  attempts  have  been  made  to 
establish  sheep  raising  in  south  Alaska,  though  small  numbers  have 
been  kept  at  various  points  for  short  periods.  The  first  attempt  was 
made  by  the  Alaska  Commercial  Company,  which  in  1883  imported 
a  band  of  about  300  sheep  from  California.  Unfortunately  no  accu- 
rate record  of  this  experiment  is  available,  and  the  accounts  of 
various  persons  differ  considerably.  Many  of  the  sheep  died  the 
first  winter,  according  to  some  reports  from  lack  of  shelter,  according 
to  others  from  scab.  The  remainder  were  kept  on  a  small  island 
near  Kadiak,  where  the  only  shelter  was  a  small  grove  of  spruce,  but 
in  winter  they  w^ere  usually  transferred  to  new  grazing  grounds 
where  they  could  feed  on  the  tall,  dr}'^  grass.  In  very  severe  weather 
they  were  sometimes  sheltered  and  fed  hay.  These  sheep  are  said 
to  have  yielded  about  5  pounds  of  excellent  wool  per  head  each  year, 
and  the  annual  increase  is  reported  to  have  been  about  60  per  cent  of 
the.  adult  animals.  No  particular  care  was  given  them,  and  the  last 
Avere  slaughtered  about  six  years  ago.  The  venture,  even  excluding 
Ihe  loss  of  the  first  winter,  seems  not  to  have  been  profitable. 

The  only  sheep  now  in  Alaska  are  on  the  ranch  of  the  Fr3'e-Bruhn 
Company,  near  Kadiak,  who  have  about  80  head.  These  sheep  are  the 
remnant  of  9,000  w^hich  w^ere  shipped  in  from  Oregon  in  1902  and 
1903,  the  remainder  having  perished.  At  first  sight  it  would  seem 
that  this  appalling  loss  of  more  than  98  per  cent  was  conclusive  evi- 
dence that  sheep  raising  in  Alaska  is  not  likely  to  prove  profitable. 
Inquiry  into  the  causes  of  the  mortality  do  not  bear  out  this  conclu- 
sion necessarily.  About  500  of  the  sheep  were  drowned  in  March, 
1903,  by  being  caught  at  the  head  of  a  narrow  cove  by  the  incoming 
tide.  One  hundred  and  fifty  head  were  lost  by  becoming  frightened 
and  jumping  over  cliffs.  The  rest  of  those  that  died  succumbed  to 
scab,  which  broke  out  in  January,  1903.  Owing  to  lack  of  shelter  it 
was  then  impossible  to  treat  them  by  dipping,  as  that  would  practi- 
cally have  been  equivalent  to  killing  them.  The  result  was  that  all 
but  80  died  of  the  disease.  Thus  all  the  mortalitv  was  due  to  causes 
entirely  preventable.  It  was  interesting  to  learn  that  several  head  of 
these  sheep  which  ran  wuld  survived  the  winter  w  ithout  care,  and  the 
writer  was  informed  by  trustw-orthv  witnesses  of  other  cases  of  this 
kind.  In  the  light  of  present  knowledge  it  is  difficult  to  say  whether 
sheep  can  be  profitably  raised  in  southwestern  Alaska. 

In  regard  to  the  two  attempts  which  have  been  made,  it  is 
noteworthy  that  in  both  instances  the  animals  were  shipped  from  a 
comparatively  warm  and  dry  climate  to  one  cool  and  notably  wet; 
furthermore,  that  none  of  them  perished  from  any  cause  directly 
connected  wuth  the  Alaska  conditions. 

There  are,  however,  some  further  difficulties  in  connection  with 
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sheep  raising  in  Alaska  which  need  careful  consideration.  It  is  the 
^neral  opinion  in  Kadiak  that  in  an  ordinary  winter  sheep  can  not 
safeh^  be  left  without  care  after  the  beginning  of  January.  Indeed, 
many  would  place  the  time  a  month  or  six  weeks  earlier.  New  grass 
never  appears  before  May  15,  and  often  not  until  June  1.  Therefore, 
imder  the  best  of  conditions,  sheep  will  need  four  and  a  half  months 
of  feeding  and  shelter.  The  superintendent  of  the  Frye-Bruhn  ranch, 
after  one  winter's  experience,  thinks  that  feed  and  shelter  should  be 
given  for  a  longer  period  than  that  mentioned. 

Another  serious  difficulty  lies  in  the  lateness  of  the  lambing  season. 
It  is  generally  agreed  that  lambing  should  not  take  place  l3efore 
June  1.  The  lambs  will  need  shelter  and  feed  by  December  1  or 
earlier,  unless  one  takes  serious  chances  of  losing  many. 

AXTiether  sheep  raising  could  be  made  profitable  at  present  under 
such  conditions  remains  to  be  demonstrated.  The  mere  fact  that 
sheep  in  small  numbers  have  wintered  without  care  is  no  proof  that 
successful  sheep  husbandry  can  thus  be  carried  on,  nor  even  that  one 
or  two  months'  feeding  will  suffice.  The  risks  involved  in  such  a 
procedure  are  too  great  to  warrant  a  careful  stock  raiser  in  taking 
any  chances. 

Destructive  wild  animals  are  no  menace  to  sheep  raising  on  the 
islands.  Eagles  may  destroy  a  few  lambs,  but  these  birds  are  easily 
exterminated.  Kadiak  bears  are  too  scarce  and  too  easily  destroyed 
to  merit  consideration.  On  the  mainland,  however,  both  wolves  and 
l)rown  beat's  may  prove  troublesome. 

In  the  light  of  present  knowledge  one  is  safe  in  saying  that  sheep 
can  be  raised  on  the  Alaska  coast  if  adults  are  given  five  months'  feed 
and  shelter  and  the  lambs  a  month  more — this  with  the  ordinary 
sheep  of  the  western  ranges.  With  more  hardy  breeds  better  adapted 
to  the  conditions  the  outlook  for  success  would  be  better.  It  need 
hardly  l^e  said  that  extreme  caution  should  be  taken  to  import  only 
perfectly  healthy  animals.  ^The  great  mortality  caused  by  scab  and 
the  great  danger  of  such  a  disease  as  foot-rot  in  a  damp  climate  de- 
mand that  extreme  care  be  taken  not  to  introduce  these  diseases. 

Cattle. — Cattle  have  been  raised  at  nearly  all  the  Alaskan  coast 
settlements  ever  since  the  Russian  occupation.  Some  of  the  original 
stock,  according  to  local  tradition,  is  still  represented  in  the  band  of 
cattle  at  Nannilchuck.  These  are  small  animals,  but  said  to  be  verv 
hardy.  Nearly  all  of  the  cattle  kept  near  the  villages  are  milch  cows, 
mosth"  grades,  but  a  number  of  Holsteins  and  Jerseys  were  seen. 
When  owned  by  whites  the  animals  are  given  shelter  and  feed  for 
about  five  months.  When  they  belong  to  the  natives  they  are  forced 
to  exist  through  the  winter  with  little  or  no  care,  eking  out  an  exist- 
ence by  feeding  on  browse  and  seaweeds.     No  accurate  data  could  be 
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gathered  concerning  the  amount  and  character  of  the  milk  yield,  bui 
it  was  universally  said  that  the  milk  is  most  excellent  in  summer,  anc 
good  in  winter  when  the  animals  are  properly  fed.  It  is  unfortunate 
that  no.  accurate  records  could  be  obtained  as  to  the  winter  yield  o1 
cows  fed  only  on  native  hay  or  silage. 

Several  herds  of  beef  cattle  have  been  successfullv  maintained  ir 
the  neighborhood  of  Kadiak.  The  experience  of  the  Alaska  Com 
mercial  Company  is  thus  summarized  by  Mr.  Washburn,  the  forinei 
superintendent  at  Kadiak : 

We  liave  bred  stork  on  the  islnuds  of  Kadiak,  Ukauiak,  and  on  Long  Island 
On  Long  Island  we  have  about  40  head  of  cattle.  These  cattle  are  fed  from  twc 
to  six  weeks  each  winter.  The  remainder  of  the  time  thej'  have  l)een  able  tc 
get  their  own  subsistence.  During  occasional  winters  we  have  carried  our  stocli 
through  with  no  feeding.  We  have  had  very  good  Increase  from  them,  and 
should  say  that  the  i)ercentage  of  calves  raised  from  the  breeding  cows  is  about 
75.  The  cattle  on  this  island  have  not  been  housed  except  during  the  short 
period  when  we  were  obliged  to  feed  them. 

On  tJkamak  Island  we  have  a  herd  of  al)out  20  head,  which  are  entirely  self- 
sustaining.  We  have  not  found  it  necessary  either  to  feed  or  shelter  these  cat- 
tle during  the  winter  season,  and  the  increase  has  been  fully  as  good  as  that  of 
the  herd  on  Long  Island. 

On  Kadiak  Island  we  have  not  kept  any  stock  cattle,  but  only  a  herd  of  dairy 
cows  and  some  working  horses.  These  we  have,  of  course,  fed  regularly  during 
the  winter  season  for  alx)Ut  five  months.  We  are  able  to  cure  sufficient  hay  on  a 
lot  we  have  leveled,  and  we  have  useil  the  only  mowing  machine  in  western 
Alaska.  We  have  obtained  very  good  results  from  feeding  the  Alaska  hay  to 
both  cows  and  horses,  and  find  that  they  re<iuire  no  more  grain  when  fed  this 
hay  than  when  we  feed  hay  imported  from  California. 

The  Frye-Bruhn  Company,  of  Seattle,  l^egan  operations  near 
Kadiak  in  July,  1903,  importing  about  200  head  of  beef  cattle,  mostly 
Herefords.  Owing  to  unpreparedness  and  inexperience,  about  140 
head  of  this  numlH?r  were  lost  during  the  first  year.  Most  of  these 
were  killed  by  falling  over  cliffs.  Owing  to  the  fact  that  the  earliest 
grass  appears  on  the  steep  southerly  slopes,  the  cattle  crowded  in  such 
places;  in  some  instances  the  sod,  loosened  by  the  frost,  gave  way  and 
precipitated  them  over  the  cliffs.  In  other  cases  the  cattle  used  their 
horns  when  crowded,  the  wounded  ones  losing  their  foothold  in 
endeavoring  to  escape.  As  precautions,  more  care  is  taken  in  select- 
ing the  early  feeding  grounds  and  the  cattle  have  been  dehorned. 

The  common  experience  of  cattle  owners  in  Alaska  has  been  that 
the  animals  fatten  readily  on  the  grass  in  the  spring,  and  remain 
in  good  condition  without  care  until  late  in  the  autumn.  Some 
Herefords  slaughtered  at  Kadiak  in  July  furnished  beef  of  remark- 
ably fine  quality. 

From  the  experience  had  at  the  Kenai  Experiment  Station,  oxen 
keep  in  good  working  condition  all  winter  on  no  other  feed  than 
native  grass  hay  and  .silage,  and  the  limited  experience  of  others 
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has  given  similai  results.     It  is  not  probable,  however,  that  animals 
will  remain  fat  on  such  feeds  alone. 

Nothing  has  been  done  up  to  the  present  time  in  the  way  of  intro- 
ducing breeds  that  are  likely  to  be  especially  adapted  to  the  peculiar 
conditions.  It  is  highly  probable,  as  has  been  pointed  out  by  Pro- 
fessor Georgeson,  that  long-haired  hardy  breeds  like  the  Clalloway 
or  the  West  Highland  cattle  will  prove  much  more  successful  than 
breeds  adapted  primarily  to  a  drier  and  warmer  climate. 

POPULATION    AND   AVAILABLE    MARKETS. 

No  very  accurate  data  are  available  as  to  the  present  population  of 
the  Alaska  coast  towns  and  villages,  which  furnish  the  only  markets 
close  to  the  grass  lands.  The  population  of  the  principal  towns 
along  the  coast  is  approximately  as  follows:  Sitka,  1,500;  Valdez, 
1,000;  Seward,  500;  Kadiak,  50;  Unalaska  and  Dutch  Harbor, 
600.  The  total  population  from  Valdez  to  Unalaska,  inclusive,  is 
about  8,000,  of  whom  less  than  one-half  are  whites.  From  Valdez 
to  Sitka,  excluding  the  former,  the  population  is  j^erhaps  4,000,  al>out 
half  of  them  white.  Thus  the  coast  of  Alaska  from  Sitka  to  Una- 
laska provides  a  market  population  at  pres(»nt  of  not  more  than 
r>,000  i)eople,  as  no  market  for  meat  or  dairy  j)roducts  can  be  expected 
so  far  as  the  natives  are  concerned. 

No  account  is  here  taken  of  the  towns  lying  along  the  interior 
channels  in  southeastern  Alaska,  whose  populations  aggregate  per- 
haps 8,000  whites,  though  a  portion  of  this  market  could  perhaps  be 
reached. 

Skagway  and  Valdez  are  the  principal  south  Alaskan  points  which 
supply  the  interior,  and  consequently  are  of  especial  importance  in 
considering  markets. 

A  considerable  market  for  beef  and  dairy  products  could  perha])s 
be  established  by  shipping  from  Unalaska  to  the  population  of  the 
Nome  district  and  the  lower  Yukon.  Unalaska  is  on  the  Hue  of 
transportation  from  Puget  Sound  to  Nome  and  the  Yukon  River, 
though  at  present  few  of  the  vessels  stop  there. 

Thus  the  present  available  markets  in  Alaska  for  live-stock 
products  are  very  limited.  The  supply  for  these  markets  at  the 
present  time  is  shipped  from  Puget  Sound. 

It  is  evident,  however,  that  it  is  possible  to  raise  in  Alaska  far  more 
produce  of  this  kind  than  the  l6cal  markets  can  consume.  The  only 
other  markets  that  can  possibly  be  reached  are  those  furnished  by  the 
cities  of  British  Columbia  and  of  the  State  of  Washinofton.  Freiirht 
rates  are  at  present,  and  perhai)s  will  be  for  some  time  to  come,  siich 
that  dairy  products  and  wool  are  the  only  articles  that  could  profit- 
ably be  shipped  to  such  distant  ports. 
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No  predictions  can  here  be  ventured  concerning  the  future  devel- 
opment of  south  Alaska.  The  present  resources  are  mainly  furs, 
fisheries,  and  mines.  The  fur  industry  is  becoming  less  and  less 
important.  The  fisheries  are  already  highly  developed,  but  are 
capable  of  considerable  increase.  The  mines  undoubtedly  will  bc*.- 
come  more  and  more  important.  It  is  probable,  too,  that  the  exten- 
sive explorations  now  carried  on  in  prospecting  for  oil  w^ill  result 
in  the  development  of  another  important  industry. 

FREIGHTS  AND  TRANSPORTATION. 

At  the  present  time  both  freight  and  passenger  rates  to  and  be- 
tween Alaskan  ports  may  be  considered  moderate.  The  great  bulk 
of  the  freight  traffic  is  northward,  a  condition  that  is  not  unlikely 
to  continue.  Any  permanent  increase  in  the  traffic  to  and  fronn 
Alaskan  ports  will  naturally  be  accompanied  by  a  corresponding 
lowering  of  rates.  The  transportation  companies  doing  business  in 
south  Alaska  seem  to  be  quite  as  liberal  as  conditions  will  permit, 
and  so  far  as  expressed  sentiment  goes  their  general  policy  will  be 
the  wise  one  of  encouraging  as  far  as  possible  any  industry  that 
promises  to  add  to  the  sum  total  of  the  traffic. 

DESIRABILITY  OF  SOUTH  ALASKA  AS  A  HOME.' 

Climate, — ^The  south  Alaska  coast  lies  in  the  same  latitude  as 
northern  T^brador,  the  north  of  Scotland,  and  the  south  of  Sweden, 
but  none  of  these  regions  is  very  similar  to  it.  In  fact,  south  Alaska 
has  several  peculiarities  which  render  close  comparison  with  any 
other  region  difficult.  In  general,  the  climate  is  a  moist  one,  accom- 
panied by  no  great  extremes  in  temperature.  The  thermometer  very 
seldom  reaches  zero  in  winter,  nor  does  it  exceed  75°  F.  in  summer. 

The  following  tables  give  the  more  important  meteorological  data 
as  compiled  from  various  published  reports,  localities  in  Sweden, 
Canada,  and  the  State  of  Washington  being  included  for  comparison  : 

Monthly  and  annual  mean  temperatures  at  points  in  Alaska  and  esleichere. 
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a  From  records  kept  bv  the  Ruasian  Qovernracnt. 
f>  From  re«-ords  of  the  United  States  Signal  Service 
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Average  precipitation  at  points  in  Alaska. 
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In  comparing  the  data  for  Sitka,  Kadiak,  and  Unalaska  it  will  be 
noted  that  the  average  mean  temperature  of  Sitka  is  a  little  higher 
than  that  of  Kadiak,  which  in  turn  is  higher  than  that  of  Unalaska. 
It  will  also  be  noted  that  Sitka  and  Unalaska  have  about  the  same 
rainfall — considerably  greater  than  that  of  Kadiak. 

A  matter  of  more  practical  consequence  than  either  the  copious 
rainfall  or  the  comparatively  high  mean  temperature  is  the  rather 
low  total  of  effective  temperatures  during  the  months  from  May  to 
September,  inclusive.  By  effective  temperature  is  meant  that  above 
43°  F.,  at  which  plant  growth  practically  begins.  These  totals,  as 
compiled  by  Evans,"  are  as  follows : 

Sitka   1.479.1 

Kadiak    1, 152. 1 

Unalaska    024.5 

Port  Angeles,  Wash . 1,671.0 

Ottawa,    Canada - 8,424.7 

ScoUand  1,692.7 

Stockbolm,  Sweden 2.704.9 

The  difference  in  totals  between  Sitka  and  Kadiak  is  very  striking, 
but  not  so  much  as  that  between  Kadiak  and  Unalaska.  Undoubt- 
edly this  effective  temperature  factor  is  the  principal  cause  of  the 
sharp  demarcation  between  the  timbered  and  the  timberless  regions 
on  the  Alaska  coast. 

Garden  products, — This  same  factor — the  low  total  of  effective  tem- 
peratures— limits  also  the  variety  of  garden  products  that  can  be 
grown,  but  along  the  whole  coast  a  considerable  variety  of  vegeta- 
bles is  successfully  raised,  such  as  potatoes,  turnips,  cabbage,  cauli- 
flower, Brussels  sprouts,  kale,  lettuce,  peas,  radishes,  and  rhubarb. 
Red  currants  and  red  raspberries  grow  wild  on  Cook  Inlet,  and  these 
hardy  varieties  will  thrive  at  most  places  along  the  coast — at  Sitka 
even  the  ordinary  garden  varieties  ripening.  In  southeastern  Alaska 
salmon  berries,  cranberries,  and  huckleberries  grow  wild  in  abun- 
dance. 

•  Bulletin  No.  48,  Office  of  Experiment  Stations,  U.  S.  Department  of  Agri- 
culture. 
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Fiiel, — In  the  timbered  region  a  supply  of  fuel  is  easily  obtainable, 
while  in  the  timberless  country  a  rather  scant  quantity  is  secured 
from  scrubby  willows  and  alders  and  from  beach  drift..  Coal  of  an 
inferior  quality,  but  still  fairly  satisfactory  for  domestic  use,  is 
abundant  along  Cook  Inlet.  At  present  none  of  this  is  mined,  but 
considerable  quantities  are  gathered  from  exposed  ledgas,  or  from 
drift  on  the  beaches.  Most  of  the  coal  used  along  the  Alaska  Penin- 
sula, however,  is  at  present  shipped  from  Puget  Sound.  In  some 
localities  the  paraffin  residue  from  oil  seepage  is  utilized  as  fuel. 

CH0ICT5   OP   A   liOCATION. 

In  general,  Kadiak  and  the  neighobring  islands  and  the  Cook  Inlet 
country  are  the  most  favorable  places  for  live-stock  raising  on 
account  of  a  great  luxuriance  of  grasses  and  contiguity  to  timber. 
The  Cook  Inlet  region  enjoys  the  reputation  of  being  the  garden  spot 
of  the  Alaska  coast,  apparently  producing  finer  vegetables  than  else- 
where, though  lying  farther  north  than  the  Alaska  Peninsula  and 
most  of  the  territory  described  in  these  pages.  The  acce^^isible  grass 
lands  here  are,  howcA'er,  comparatiA-ely  limited. 

On  the  other  hand,  Unalaska  and  the  neighboring  islands,  while 
possessing  less  abundant  grass  and  perhaps  a  less  favorable  climate, 
can  perhaps  reach  markets  in  the  Nome  region  and  on  the  lower 
Yukon.  At  Yakutat,  while  the  grass  is  not  overabundant,  the  loca- 
tion is  more  favorable  for  shipments  southward. 

The  prime  requisite  of  any  Alaska  location  is  a  sufficiently  large 
available  supply  of  winter  forage.  Of  summer  range  there  is  an 
abundance  nearlv  evervwhere,  but  the  utilization  of  this  is  definitelv 
limited  bv  the  number  of  cattle  one  can  safelv  winter.  The  all- 
important  point  is  therefore  to  have  a  sufficient  acreage  of  land  from 
which  hay  or  silage  can  be  secured.  By  selecting  locations  on  the 
flat  lands  that  so  commonlv  occur  at  the  heads  of  the  narrow^  fiords 
one  can  easily  control  for  all  practical  purposes  great  areas  of  grazing 
lands. 

The  writer  can  not  refrain  from  quoting  here  the  following  opinion 
of  a  widely  traveled  man  from  California,  who  for  three  years  has 
been  engaged  in  placer  mining  on  the  beach  on  the  wCvStsideof  Kadiak 
Island  and  who  is  seriously  considering  taking  up  a  homestead  and 
bringing  his  family  to  Alaska : 

In  all  my  travels  I  have  never  found  a  place  where  one  can  live  so  well  or 
so  cheaply  as  I  have  done  for  the  past  three  years.  I  can  raise  all  sorts  of 
hardy  vegetables  and  berries,  l)esides  the  wild  ones,  and  have  unlimited  grass 
to  keep  cattle  and  sheep.  Fish  of  the  choicest  sorts — salmon,  halibut,  cod,  and 
many  others — are  very  abundant,  and  the  stream  flowing  by  my  cabin  door 
swarms  with  trout.     In  the  way  of  big  game  there  are  bears.     Of  smaU  game 
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du<ics  and  geese  are  plentiful  in  the  spring  and  fall,  and  fresh  gull  eggs  may  be 
had  for  the  gathering.  To  add  to  all  this,  if  ready  money  is  not  available,  I 
can  always  make  good  wages  at  least  by  washing  out  gold  on  the  beach. 

Surely  thei-e  is  here  a  combination  of  resources  that  makes  failure 
well-nigh  impossible. 

LAND  LAWS  APPLYING  TO    AT.AairA 

The  following  report  regarding  the  methods  by  which  title  may  be 
secureu  to  agricultural  lands  in  Alask^  was  prepared  in  the  office 
of  the  Commissioner  of  the  General  Land  OflSce,  through  the  cour- 
tesy of  the  Secretary  of  the  Interior.  It  refers  solely  to  acquiring 
title  to  agricultural  lands  and  not  to  the  town-site  or  mineral  laws,  or 
to  mission  claims  under  section  27  of  the  act  of  June  6,  1900  (31  Stat. 
L.,  330) : 

{Section  1  of  the  act  of  Congress  approved  May  14,  1898  (30  Stat.  L.,  400), 
extending  the  homestead  hiwH  to  Ahiska,  may  iye  sununarized  nti  follows: 

FirMt.  Extending  the  homestead  laws  and  the  rights  Incident  thereto  to  the 
district  of  Alaska. 

Secfind.  Extending  to  such  district  the  right  to  enter  surveyed  lands  under 
provisions  of  law  relating  to  the  acquisition  of  title  through  soldiers'  addi- 
tional homestead  rights. 

Third.  Granting  the  right  to  enter  unsurveyed  lands  in  said  district  under 
provisions  of  law  relating  to  the  acquisition  of  title  through  soldiers'  additional 
homestead  rights. 

Fourth.  Prohibiting  the  location  in  said  district  of  any  indoninity.  deficiency, 
or  lieu  lands  pertaining  to  any  land  grant  whatsoever  orginating  outside  of  said 
district. 

Fifth.  Limiting  each  entry  under  this  section  to  80  rods  along  the  shore  of 
any  navigable  water,  and  reserving  along  such  shore  a  space  at  least  80  rods 
Ijetween  all  such  claims,  and  prohibiting  the*' entry  or  disposal  of  the  shore 
(meaning  land  lying  between  high  and  low  water  mark)  of  any  navigable  waters 
within  said  district. 

^ixth.  Limiting  each  homestead  in  said  district,  w-hether  soldiers'  additional 
or  otherwise,  to  80  acres  in  extent. 

This  section  was  amended  by  the  act  of  March  3,  1903  (32  Stat.  L.,  1028),  the 
provisions  of  w^hich  may  be  stated  as  follow^s : 

The  amendatory  act  does  not  specifically  reenact  that  portion  of  the  act  of 
1898  which  granted  the  right  to  enter  unsurveyed  lands  in  the  district  of  Alaska 
under  the  provisions  of  law  relating  to  the  acquisition  of  title  through  soldiers' 
additional  rights,  but  it  is  provided  thereby  "  that  no  more  thtin  one  hundred 
and  sixty  acres  shall  be  entere<l  in  any  single  body  by  such  scrip,  lieu  selection, 
ar  soldiers*  additional  homestead  right,''  which  seems  to  negative  any  intention 
to  modify  or  repeal  the  existing  law  with  regard  to  the  exercise  of  such  rights 
In  the  district  of  Alaska  further  than  to  limit  the  amount  which  may  l>e  entered 
in  a  single  body  to  1(50  acres.  Further,  that  i)ortion  of  the  amendatory  act 
which  provides  that  "  no  indemnity,  deficiency,  or  lieu-land  selections  pertaining 
to  any  land  grant  outside  of  the  district  of  Alaska  shall  be  made,  and  no  land 
scrip  or  land  warrant  of  any  kind  whatsoever  shall  be  iocatinl  within  or  exer- 
cised upon  any  lands  In  said  district,  except  as  now  provided  by  law,"  seems  to 
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recognize  that  there  are  such  outstanding  rights ;  hut,  unless  soldiers'  additional 
homestead  rights  are  therehy  considered  as  scrip  rights,  this  Department  is  not 
advised  as  to  any  other  law  permitting  the  exercise  of  any  such  rights  in  the 
district  of  Alaska.  Soldiers'  additional  homestead  applications,  under  sectious 
2306  and  2307,  Revised  Statutes,  are  received  as  heretofore,  hut  not  more  than 
160  acres  can  be  taken  in  a  single  t)ody. 

The  act  of  1898  Is  amended  so  as  to  increase  the  amount  of  land  which  may 
be  entered  as  a  homestead  in  the  district  of  Alaska  to  320  acres,  and  in  providinsr 
therefor  grants  such  rights  to  "  any  person  who  Is  qualified  under  existing  la^ws 
to  make  homestead  entry  of  the  public  lands  of  the  United  States  wlio  has 
settled  upon,  or  who  shall  hereafter  settle  upon,  any  of  the  public  lands  of  the 
United  States  situated  in  the  district  of  Alaska,  whether  surveyed  or  unsur- 
veyed."  If  a  person  be  qualified,  therefore,  to  make  homestead  entry  under 
existing  laws,  he  may  enter  not  to  exceed  320  acres,  upon  which  he  may  have 
settled,  in  the  district  of  Alaska,  and  without  regard  to  the  amount  he  might  be 
authorized  to  make  homestead  entry  of  elsewhere;  but  the  right  to  locate  a 
soldier's  additional  homestead  right  in  the  district  of  Alaska,  without  settle- 
ment, is  not  thereby  changed.    Only  160  acres  or  less  may  be  commuted. 

No  entry  of  any  kind  in  the  district  of  Alaska  can,  however,  be  allowed  for 
land  extending  more  than  160  rods  along  the  shore  of  any  navigable  water, 
which  is  twice  the  extent  originally  i)ermitted  by  the  act  of  1808,  and  along 
such  shore  a  space  of  at  least  80  rods  is  reserved  between  all  claims,  being  the 
same  as  originally  provided  in  the  act  of  1808. 

HOMESTEADS. 

The  homestead  laws  secure  to  qualified  ijersous  the  right  to  settle  upon, 
enter,  and  acquire  title  to  not  exceeding  320  acres  of  public  land,  by  establishing 
and  maintaining  residence  thereon  and  improving  and  cultivating  the  land  for 
the  continuous  period  of  five  years. 

A  homestead  entryman  must  be  the  head  of  a  family  or  a  person  who  has 
arrived  at  the  age  of  21  years,  and  a  citizen  of  the  United  States,  or  one  who 
has  filed  his  declaration  of  intention  to  become  such,  as  required  by  the  nat- 
uralization laws,  to  which  section  5  of  the  act  of  March  3,  1891  (26  Stat.  L., 
1095),  attaches  the  conditions  that  he  must  not  be  tlie  proprietor  of  more  than 
160  acres  of  land  in  any  State  or  Territory,  and  that  since  August  30,  1890. 
he  has  not  acquired  title  to,  nor  is  now  claiming  under  any  of  the  agricultural 
public-laud  laws,  an  amount  of  land  which,  together  with  the  land  now  applied 
for,  will  exceed  in  the  aggregate  320  acres. 

Where  a  wife  has  been  divorced  from  her  husband  or  deserted,  so  that  she 
is  dependent  upon  her  own  resources  for  support,  she  can  make  homestead 
entry  as  the  head  of  a  family  or  as  a  femme  sole. 

Where  an  unmarried  woman  settles  upon  a  tract  of  public  land,  improves 
the  same,  establishes  and  maintains  a  bona  fide  residence  thereon  with  the 
intention  of  appropriating  the  same  for  a  home  under  the  homestead  law,  and 
thereafter  marries  before  making  entry  of  said  land,  or  before  making  appli- 
cation to  enter  said  land,  she  does  not,  on  account  of  her  marriage,  forfeit  her 
right  to  make  entry  and  receive  patent  for  the  land:  Provided,  That  she  does 
not  abandon  her  residence  on  said  land  and  is  otherwise  qualified  to  make 
homestead  entry :  And  provided  further,  That  the  man  whom  she  marries  is 
not,  at  the  time  of  their  marriage,  claiming  a  separate  tract  of  land  under  the 
homestead  law.     (Act  June  6, 1900,  31  Stat.  L.,  683.) 
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APPLICATION    FOB  A    HOMESTEAD   FOB   BUBVEYED   LAND. 

To  obtain  a  homestead  the  party  should  select  and  i)ersonally  examine  the 
laud  and  be  satislied  of  its  character  and  true  description. 

He  must  file  an  application,  stating  his  true  name,  residence,  and  post-oflTice 
address,  and  describing  the  land  he  desires  to  enter,  and  make  affidavit  that  he 
is  not  the  proprietor  of  more  than  IGO  acres  of  land  In  any  State  or  Territory ; 
that  he  is  a  citizen  of  the  United  States,  or  that  he  has  filed  his  declaration  of 
intention  to  become  such,  and  that  he  is  the  head  of  a  family,  or  over  21  years 
of  age,  as  the  case  may  be ;  that  his  application  is  honestly  and  in  good  faith 
made  for  the  punK>se  of  actual  settlement  and  cultivation,  and  not  for  the  bene- 
fit of  any  other  person,  persons,  or  corporation,  and  that  he  will  faithfully  and 
honestly  endeavor  to  comply  with  all  the  requirements  of  law  as  to  settlement, 
residence,  and  cultivation  necessary  to  acquire  title  to  the  land  applied  for; 
that  he  is  not  acting  as  agent  of  any  person,  corporation,  or  syndicate  in  making 
such  entry,  nor  in  collusion  with  any  person,  corporation,  or  syndicate  to  give 
them  the  benefit  of  the  land  entered,  or  any  part  thereof,  or  the  timber  thereon ; 
that  he  does  not  apply  to  enter  the  same  for  the  purpose  of  speculation,  but  in 
good  fftith  to  obtain  a  home  for  himself,  and  that  he  has  not,  directly  or  in- 
directly, made,  and  will  not  make,  any  agreement  or  contract  In  any  manner 
with  any  person  or  persons,  corporation,  or  syndicate  whatsoever,  by  which 
the  title  which  he  might  acquire  from  the  Government  of  the  United  States 
should  inure,  in  whole  or  in  part,  to  the  benefit  of  any  i)erson  except  himself; 
and,  further,  that  since  August  30,  1890,  he  has  not  acquired  title  to  nor  is  he 
claiming  under  any  of  the  agricultural  public-land  laws  an  amount  of  land 
which,  together  with  the  land  he  is  seeking  to  enter,  will  exceed  in  the  aggre- 
gate 320  acres,  and  that  he  has  not  theretofore  had  the  benefit  of  the  home- 
stead laws,  and  must  pay  the  legal  fee  and  that  part  of  the  commissions  which 
is  payable  when  entry  is  made,  and  furnish  the  usual  nonmineral  affidavit. 

On  compliance  by  the  party  with  the  foregoing  requirements  the  receiver  will 
issue  his  receipt  for  the  fee  and  that  part  of  the  commissions  paid,  a  duplicate 
of  which  he  will  deliver  to  the  party.  The  matter  will  then  be  entered  in  the 
records  of  the  district  office  and  reported  to  the  General  Land  Office. 

The  applicant  must  In  every  case  state  in  his  application  his  place  of  actual 
residence  and  his  post-office  address,  in  order  that  notices  of  proceedings  rela- 
tive to  his  entry  may  be  sent  him.  The  register  and  receiver  will  note  the  post- 
ofllce  address  on  their  tract  books. 

INCEPTIVE  BIGHTS  OF   HOMESTEAD  SETTLEBS. 

An  inceptive  right  is  vested  In  the  settler  by  the  proceedings  hereinbefore 
described.  He  must,  within  six  months  after  making  his  entry,  establisli  his 
actual  residence  in  a  house  uix)n  the  land,  and  must  reside  upon  and  cultivate 
the  land  continuously  in  accordance  with  law  for  the  term  of  five  years.  Occa- 
sional visits  to  the  land  once  in  six  months  or  oftener  do  not  constitute  resi- 
dence. The  homestead  party  must  actually  Inhabit  the  land  and  make  It  the 
home  of  himself  and  family,  as  well  as  improve  and  cultivate  it. 

At  the  expiration  of  five  years,  or  within  two  years  thereafter,  he  may  make 
proof  of  his  compliance  with  law  by  residence,  improvement,  and  cultivation  for 
the  full  period  required,  and  must  show  that  the  land  has  not  been  alienated 
except  as  provided  in  section  2288,  Revised  Statutes  (sec.  2291,  Rev.  Stat.),  as 
ameodea  by  section  3  of  the  act  of  March  3, 1891  (26  Stat  L.,  1095). 
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The  period  of  continuous  residence  and  cultivation  begins  to  run  at  the  date 
of  actual  settlement  In  case  the  entity  at  the  district  land  office  is  made  within 
the  prescribed  period  (three  months)  thereafter  or  before  the  intervention  of  a 
valid  adverse  claim.  If  the  settlement  is  on  unsurveyed  land,  the  latter  i>erlod 
runs  from  the  filing  of  plat  in  the  district  land  office.  (Act  May  14,  1880,  21 
Stat  L.,  140.) 

HOMESTEAD    SETTLERS    ON    UNSURVEYED    LANDS. 

A  homestead  settler  on  unsurveyed  public  land  not  yet  open  to  entry  must 
make  entry  within  three  months  after  the  filing  of  the  township  plat  of  survey 
in  the  district  laud  office.     (Act  May  14,  1880,  21  Stat.  L.,  140.) 

CULTIVATION    IN    GRAZING    DISTRICTS. 

In  grazing  districts  stock  raising  and  daii^y  production  are  so  nearly  akin  to 
agricultural  pursuits  as  to  justify  the  issue  of  patent  Ufwn  proof  of  permanent 
settlement  and  the  use  of  the  land  for  such  purposes. 

Proofs  can  only  be  made  by  the  homestead  claimant  in  [lerson,  and  can  not  -he 
made  by  an  agent,  attorney,  assignee,  or  other  iKjrson,  exce[)t  that  in  case  of  the 
death  of  the  entryman  proof  can  Ik)  made  by  the  statutoi-y  successor  to  the  home- 
stead right  in  the  manner  provided  by  law. 

Sections  2201  and  2202,  Revised  Statutes,  provide  for  obtaining  title  to  lauds 
entered  by  a  homestead  settler  by  his  heirs.  The  act  of  June  8,  1880  (21  Stat. 
L.,  160),  provides  for  homestead  claimants  who  become  Insane. 

HOMESTEAD    CLAIMS    NOT    LIABLE    FOR    DEBT    AND    NOT    SALABI.E. 

No  lands  acquired  under  the  provisions  of  the  homestead  laws  are  liable  for 
the  satisfaction  of  any  debt  contracted  prior  to  the  issue  of  the  patent.  (Sec. 
2290,  Rev.  Stat.) 

The  sale  of  a  homestead  claim  by  the  settler  to  another  i)arty  before  l)e(H)ming 
entitled  to  a  patent  vests  no  title  or  equities  in  the  purchaser  as  against  the 
United  States.  In  making  final  proof  the  settler  is  by  law  required  to  swear  that 
no  part  of  the  land  has  l)een  alienated  except  for  church,  cemetery,  or  school 
purposes  or  the  right  of  way  for  railroads,  canals,  or  ditches  for  irrigation  or 
drainage  across  it.  (Sec.  2288,  Rev.  Stat.,  as  amended  by  sec.  3  of  the  act  of 
March  3,  1801,  20  Stat.  L.,  1095.) 

SOLDIERS   AND   SAILORS'    HOMESTEAD   RIGHTS. 

Any  officer,  soldier,  seaman,  or  marine  who  served  for  not  less  than  ninety 
days  In  the  Army  or  Navy  of  the  United  States  during  the  rebellion,  and  who 
was  honorably  discharged  and  has  remained  loyal  to  the  Ciovernment,  and  who 
makes  a  homestead  entry  of  320  acres  or  loss  on  any  land  subject  to  such  entry. 
Is  entitled  under  section  2305  of  the  Revised  Statutes  to  have  the  term  of  his 
service  in  the  Army  or  Navy,  not  exceeding  four  years,  deducted  from  the  i)eriotl 
of  five  years'  residence  ro(iulred  under  the  homestead  laws. 

If  the  party  was  discharged  from  service  on  account  of  wounds  or  disabilities 
Incurred  in  the  line  of  duty  the  whole  term  of  enlistment,  not  exceeding  four 
years.  Is  to  l)e  deducted  from  the  homestead  period  of  five  years ;  but.  no  patent 
can  Issue  to  any  homestead  settler  who  has  not  reskUxl  ur)on.  Improved,  and  cul- 
tivated his  homestead  for  a  period  of  at  least  one  year  after  he  commenced  his 
Improvements.     (Sec.  2305,  Rev.  Stat.) 
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Similar  provlsioDS  are  made  in  the  acts  of  June  16,  1896  (^  Stat.  L.,  473),  and 
March  1,  1901  (31  Stat.  L.,  847),  for  the  benefit  of  llice  persons  who  served  In 
the  late  war  with  Spain  or  during  tlie  suppression  of  the  insurrection  In  the 
PhiUppines. 

A  party  applying  to  make  entry  under  the  provisions  of  section  2304  must  file 
with  the  register  and  receiver  a  certified  copy  of  bis  certificate  of  discharge, 
showing  when  he  enlisted  and  when  he  was  discharged ;  or  the  affidavit  of  two 
resfiectable,  disinterested  witnesses  corroborative  of  the  allegations  contained  In 
the  prescribed  affidavit  (Form  4-065)  on  these  points,  or,  if  neither  can  be  pro- 
cured, his  own  afildavit  to  that  effect. 

The  widow  or.  In  case  of  her  death  or  remarriage,  the  guardian  of  minor  chil- 
dren may  complete  a  filing  made  by  the  soldier  or  sailor  as  above,  and  patent 
will  issue  accordingly. 

soldiers'  additional  homestead  entky. 

Any  officer,  soldier,  sailor,  or  marine  who  served  for  not  less  than  ninety  days 
in  the  Army  or  Navy  of  the  United  States  during  said  wars,  who  had,  prior  to 
June  22,  1874.  the  date  of  the  approval  of  the  Revised  Statutes,  made  a  home- 
stead entry  of  less  than  160  acres,  may  enter  an  additional  quantity  of  land, 
adjacent  to  his  former  entry  or  elsewhere,  sufficient  to  make,  with  the  [irevlouH 
entry,  160  acres.  (Rev.  Stat.,  2306.)  This  right  was  extended  by  section  2307, 
Revised  Statutes,  to  the  widow,  if  unmarried;  otherwise  to  the  minor  orplian 
children  by  pro|)er  guardian.  If  there  be  no  widow,  unmarrie<l,  and  no  minor 
orphan  children,  the  right  is  held  to  be  an  asset  of  the  soldier-entryman's  estate, 
to  be  disposed  of  by  his  i)ersonal  representative  as  other  i>er8onal  pro|>erty.  (21) 
L.  D.,  510  and  658.)  An  assignment  by  tlie  heirs  will  be  acc€i)ted  if  accompanied 
by  a  certificate  of  the  pror)er  court  showing  that  no  administration  has  ever  been 
bad  on  the  soldier's  estate  and  that  they  are  all  the  heirs  entitled  to  the  right. 
The  right  was  formerly  regarded  as  a  personal  one  and  not  transferalile,  but 
under  authority  of  the  decision  of  the  Supreme  Court  of  the  UnltcHl  States  in  the 
case  of  Webster  v.  Luther  (163  U.  S.,  331),  it  is  now  held  to  be  assignable  with- 
out restriction,  and  residence  and  cultivation  are  not  required  in  its  exercise, 
eitber  by  the  original  beneficiary  or  i)y  his  assignee,  whether  the  original  entry 
was  i>erfected  or  abandoned  (24  L.  D.,  502). 

It  was  formerly  the  practice,  on  proof  of  military  service  and  original  entry, 
under  section  2306.  Revised  Statutes,  to  issue  a  certificate  in  the  name  of  the 
soldier -entry  man,  showing  his  additional  right  and  its  area,  Init  the  practice 
was  discontinued  by  circular  of  February  13,  1883  (1  L.  D.,  654),  and  it  is 
beld  that  there  Is  no  statutory  authority  for  the  same  and  that  tlie  soldier  can 
obtain  the  right  for  himself  and  sell  It  to  another  without  certification  (23  L.  D.. 
152). 

By  the  act  of  March  3,  1893  (27  Stat.  L.,  593),  provision  is  made  that  where 
soldiers'  additional  homestead  entries  have  been  made  or  initiated  ui)on  a  cer- 
tificate of  the  C;ommissioner  of  the  General  Land  Office  of  the  right  to  make 
such  entry,  and  the  certificate  of  right  Is  found  to  be  erroneous  or  Invalid  for 
any  cause,  the  party  in  interest  thereunder  on  nialilng  proof  of  his  purchase 
may,  if  there  is  no  adverse  claimant,  perfect  his  title  by  payment  of  the  Gov- 
ernment price  for  the  land,  but  no  i)erHon  may  acquire  more  than  1(50  acres 
through  the  location  of  any  such  certificate. 

By  the  act  of  August  18,  1894  (28  Stat.  L.,  397),  all  certificates  regularly 
issued  are  declared  to  be^MJlJ,  iiiidillhixUgding  any  atteuipte<l  sale  or  transfer, 
and  holders  thereoj^S^i^g-)i(l.4))derdt^W^)|^  of  entry  in  their  own  names 
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most  file  such  eertificatefi  in  the  Genera]  Land  Office,  together  with  satisfactory 
proof  of  ownersliip  and  of  bona  fide  purchase  for  value.  If.  upon  examination, 
the  proof  so  filed  is  satisfactory,  an  additional  certificate  will  be  attached  to 
the  original  authorizing  the  location  thereof,  or  entry  of  land  therewith,  in 
the  name  of  the  assignee  or  his  assigns.  (Circular  of  October  16,  1894 ;  19  L.  D., 
302.) 

Existing  homestead  laws,  while  recognizing  settlement  upon  unsuryeyed  pub- 
lic lands,  do  not  authorize  the  entry  or  the  patenting  thereof  until  the  public 
surveys  have  been  regularly  extended  over  them.  This  section  as  amended, 
however,  in  terms  authorizes  the  entry  of  unsurveyed  lands  in  Alasl^a,  and  makes 
provision  for  a  private  survey  for  the  pun>ose  of  patenting  the  claim,  if  the 
public  surveys  have  not  been  extended  thereto  at  the  time  it  is  desired  to  sub- 
mit proof,  as  is  hereinafter  referred  to. 

In  executing  surveys  for  homestead  applications  the  instructions  now  pre- 
vailing will  be  followed,  and  the  limit  of  160  rods  as  to  frontage  will  be  meas- 
ured along  the  meandered  line  of  said  frontage. 

The  form  of  the  tract  sought  to  be  entered,  if  upon  unsurveyed  land,  is  pre- 
scribed in  the  act  as  follows  : 

If  any  of  the  land  •  •  •  is  unsurveyed,  then  the  land  ♦  ♦  ♦  must  l>e 
in  rectangular  form,  not  more  than  a  mile  in  length,  and  located  upon  the  north 
and  south  lines  run  according  to  the  true  meridian. 

That  Is,  the  lK)undflry  lines  of  each  entry  must  be  run  in  cardinal  directions, 
true  north-and-south  and  east-and-west  lines  by  reference  to  a  true  meridian  (not 
magnetic),  with  the  exc*eptiou  of  the  meander  lines  on  meanderable  streams 
nnd  navigable  waters  forming  a  part  of  the  Iwundary  lines  of  the  entry.  Thus 
}i  frontage  meander  line,  and  other  meander  lines  which  form  part  of  the  Iwund- 
nry  of  a  claim,  will  be  run  according  to  the  directions  in  the  Manual  of  Sur- 
veying Instructions  issued  by  this  Office,  but  other  boundary  lines  will  be  run 
In  true  east-and-west  and  north-and-south  directions,  thus  forming  rectangles, 
cxcei)t  at  intersections  with  meander  lines. 

In  other  resi)e<*ts  the  rules  previously  adopted  to  govern  surveys  of  claims 
under  the  act  of  May  14,  18J)8,  will  continue  to  be  followed,  of  course  taking 
into  consideration  the  limitations  as  to  area  of  claims. 

Every  person  wlio  Is  qualified  under  existing  laws  to  make  a  homestead  entry 
of  the  public  lands  of  the  Unite<l  States  who  settles  or  has  settled  ui)on  any  of 
the  unsurveyed  public  lands  of  the  United  States  in  the  district  of  Alaska  with 
the  intention  of  taking  the  same  under  the  homestead  law  shall,  within  ninety 
days  from  date  of  settlement  or  prior  to  the  intervention  of  an  adverse  claim, 
file  the  re(H)rd  of  his  location  for  re<'ord  in  the  recording  district  In  which  the 
land  Is  situated,  as  provided  by  sections  13  to  10  of  the  act  of  June  6,  1900  (31 
Stat.  L.,  326  to  328). 

Said  record  sliali  contain  the  name  of  the  settler,  the  date  of  settlement,  and 
Mich  description  of  the  land  settltnl  on,  by  reference  to  some  natural  object  or 
l)ernianent  monument  as  will  identify  the  same. 

If  at  the  expiration  of  the  time  required  under  sections  2291  and  2292,  Re- 
vised Statutes,  find  as  modified  by  section  2305,  Revised  Statutes,  or  at  such 
date  as  the  settler  desires  to  counuute  under  section  2.*101,  Revised  Statutes,  the 
public  surveys  have  not  been  extendeti  over  the  land  located,  the  locator  may 
secure  a  patent  for  the  land  located  by  procuring,  at  his  own  expense,  a  survey 
of  the  land,  which  must  be  made  by  a  deputy  surveyor  who  has  been  duly  ap- 
IM)inted  by  the  surveyor-general,  in  accordance  with  section  10  of  the  act  of 
May  14,  1S98  (liO  Stat  L.,  409),  and  the  provisions  of  the  act  of  March  3,  1903,  as 
herein  set  forth. 
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When  the  survey,  either  public  or  private,  as  herein  provided  for  is  approved 
by  the  surveyor-general  under  authority  of  this  Office,  the  same  rules  should  l)e 
followed  as  heretofore  established  governing  the  location  of  soldiers'  additional 
bomestead  rights,  in  addition  to  which  the  settler  must  furnish  the  required 
proof  of  residence  and  cultivation.  ^ 

The  office  of  the  surveyor-general  of  Alaska  is  located  at  Sitka. 

Section  10  of  said  act  of  May  14,  1896,  also  provides  that  ail  affidavits, 
testhnony.  proofs,  and  other  papers  provided  for  by  this  act  and  by  said  act  of 
March  3,  1891,  or  by  any  departmental  or  Executive  regulatien  thereunder,  by 
depositions  or  otherwise,  under  commission  from  the  register  and  re<*eiver  of 
tbe  land  office,  which  may  have  been  or  may  hereafter  be  taken  and  j^worn 
to  anywhere  in  the  United  States,  before  any  court.  Judge,  or  other  officer 
authorized  by  law  to  administer  an  oath,  shall  be  admitted  in  evidence  ns  if 
taken  before  the  register  and  receiver  of  tbe  proi)er  local  land  office.  And 
thereafter  such  proof,  together  with  a  certified  copy  of  the  field  notes  and  plat 
of  the  survey  of  the  claim,  shall  be  filed  in  the  office  of  the  surveyor-general 
of  the  district  of  Alaska,  and  if  such  survey  and  plat  shall  be  approved  by 
him,  certified  copies  thereof,  together  with  the  clairaaut*s  application,  sliali  l^e 
filed  in  the  United  States  land  office  in  tbe  laud  district  in  which  the  claim  is 
situated,  whereupon,  at  the  expense  of  claimant,  the  register  of  such  land 
office  shall  cause  notice  of  such  application  to  be  published  for  at  least  sixty 
days  in  a  new8pai)er  of  general  circulation  publsbed  nearest  the  claim  within 
tbe  district  of  Alaska,  and  tbe  applicant  shall  at  the  time  of  filing  such  field 
notes,  plat,  and  application  to  purchase  in  the  land  office  aforesaid,  cause  a 
<^f)y  of  such  plat,  together  with  the  application  to  purchase,  to  be  iK)steil  upon 
the  claim,  and  such  plat  and  application  shall  be  kept  iK>st(Hl  in  a  conspicuous 
)>lace  on  such  claim  continuously  for  at  least  sixty  days,  and  during  such  iK*rio(l 
of  posting  and  publication,  or  within  thirty  days  thereafter,  any  iH»rson,  cor- 
Iioration,  or  association  having  or  asserting  any  adverse  interest  in,  or  claim  to, 
the  tract  of  land  or  any  part  thereof  sought  to  be  imrchasod,  may  file  in  the 
land  office  where  such  application  is  i)ending,  under  oath,  an  adverse  claim 
setting  forth  the  nature  and  extent  thereof,  and  such  adverse  claimant  sliall. 
within  sixty  days  after  the  filing  of  such  adverse  claim,  l)egin  action  to  quiet 
title  in  a  court  of  competent  Jurisdiction  within  the  district  of  Alaska,  and 
thereafter  no  .patent  shall  issue  for  such  claim  until  tlie  final  adjudication  of 
the  rights  of  the  parties,  and  such  patent  shall  then  be  issued  in  conformity 
with  tbe  final  decree  of  the  court. 

When  a  settler  desires  to  commute,  the  survey  and  homestead  application 
roust  cover  his  entire  claim,  but  only  160  acres,  or  less,  thereof  may  l)e  com- 
muted,  in  which  event  the  entr>'  will  stand  intact  as  to  the  iK^rtion  not 
commuted,  subject  to  future  compliance  with  the  reciuirements  of  law  within 
the  statutory  i)eriod  of  seven  years. 

Entrymen  who  commute  will  be  required  to  pay,  in  addition  to  tlie  price  of 
$1.25  per  acre,  the  same  fees  and  conmiissions  as  in  final  homesteads. 

Whenever  a  settler  or  other  claimant  desires  to  make  entry  or  submit  final 
l>roof,  he  should  address  the  register  and  receiver  of  the  United  States  land 
office  at  Juneau,  Alaska. 
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DESCRIPTION  OF  PLATES. 

Plate  I.  Map  of  Alaska,  showing  tbe  approximate  location  of  the  grass- land 

areas  in  black. 
Plate  II.  Fig.  1. — View  of  the  level  lands  at  the  head  of  Womans  Bay,  Kaiilak 

Island.     Similar  areas  occur  at  the  heads  of  most  of  the  inlets.     Fig.  2. — 

Mowing  beach  rye  on  the  Frye-Bruhn  ranch. 
Platk  111.  Bluetop  (Calamagrostis  langndorfli)  on  Kadiak  Island,  6  feet  high, 

July,  11X)4.     The  hillsides  in  the  background  were  burned  over  during  the 

preceding  spring,  and  are  covered  with  an  equally  luxuriant  stand  of  the 

same  grass. 
Plate  IV.  Fig.  1.— A  view  of  Kadiak,  November  7,  1903.     A  light  fall  of  new 

snow  covers  the  low  mountains  in  the  background.     Fig.  2. — Another  view 

of  Kadiak,  March  20,  1904.    The  small  snowfall  of  this  region  Is  made  verj 

clear  by  these  two  pictures. 
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S  Bay,  Kadiak 


Fio.  2— Mowing  Beach  Rve  on  Kadiak  Isiamo,  Alaska. 


Bluetop  (Calamaqbostis  langsdorfiiI  Six  Feet  Hiqh,  on  Kadiak  Island,  Alaska, 


Fig.  1.— a  View  of  Kadiak,  Alaska,  November  7.  1903. 


Fhj.  2. -a  Different  View  of  Kadiak,  Mabcm  26,  1904. 

Tlie  Bmall  HiiowlB]]  uf  IIiih  rfKioti  In  umh-  vtry  d.^ar  liy  Ilicn'  Iwu  |.irtiin 


V 


f 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 
BOKEIO  op  PL4IIT  INDDSTRY— BDLLniK  »0.  83. 

B.  T.  GALLOWAY,  iJiU^iJ Utiiitit. 


VITALITY  OF  BURIED  SEEDS. 


J.  W.  T.  Dl'VKL, 
Assistant  in  the  Seed  Laboratory. 


AUG  1  2  1906  ' 


WASHINGTON: 

G  O  V  E  R  X  M  E  N  T     P  II I  N  T I  \  ( i     O  !■■  F I  €!■: . 


BUREAU  OP  PLANT  INDUSTRY, 

B.  T.  GALLOWAY, 
PathologiM  and  PhysiologiM^  and  Ghief  of  Bureau. 

VEGETABLE  PATHOLOGICAL  AND  PHYSIOLOGICAL  INVESTIGATIONS. 

Albert  F.  Woods,  Pathologist  and  Physiologist  in  Charge,  Acting  Chief  of 

Bureau  in  Absence  of  Chief. 

BOTANICAL  INVESTIGATIONS  AND  EXPERIMENTS. 
Frederick  V.  Coville,  Botanist  in  Charge. 

GRASS  AND  FORAGE  PLANT  INVESTIGATIONS. 
W.  J.  Spillman,  Agriculturist  in  Charge. 

POMOLOGICAL  INVESTIGATIONS, 
(i.  B.  Brackett,  Pomologist  in  Charge. 

SEED  AND  PLANT  INTRODUCTION  AND  DISTRIBUTION. 

A.  J.  P1ETER8,  Botanist  in  Charge. 

ARLINGTON  EXPERIMENTAL  FARM. 
L.  C.  CoRBETT,  Horticulturist  in  Charge. 

EXPERIMENTAL  GARDENS  AND  GROUNDS. 
E.  M.  BvRXEs,  Superintendent. 


J.  E.  Rockwell,  Editor. 
James  E.  Jones,  Chief  Clerk. 


SEED  LABORATORY. 
Scientific  Staff. 


Edgar  Brown,  Botanist  in  Charge, 
F.  H.  HiLLMAN,  Assistant  Botanist,  J.  W,  T.  Duvel,  Assistant. 


2 


LETTER  OFTRANSMIHAL 


U.  S.  Department  or  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

Washington,  D.  C. ,  May  29,  1905. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  Bulletin  No.  83  of  the  series  of  this  Bureau,  the  accom- 
panying technical  paper  entitled  "The  Vitality  of  Buried  Seeds." 

The  experiments  discussed  were  undertaken  in  order  to  determine 
the  len^h  of  time  that  seeds  of  different  species  of  plants  will  retain 
their  vitality  when  buried  at  various  depths.  Seeds  of  both  cultivated 
and  wild  plants  were  used,  but  special  attention  was  given  to  weed 
seeds  in  order  to  ascertain  what  weeds  can  be  eradicated  by  deep  plow- 
ing and  how  long  the  soil  must  remain  undisturbed  before  the*vitality 
of  the  seeds  will  be  entirely  destroyed.  The  results  of  the  first  year's 
experiments  show  that  the  noxious  character  of  weeds  is  closely 
associated  with  the  length  of  time  the  seeds  will  remain  viable  in  the 
soil,  and  that  many  weeds  can  be  ei'adicated  by  plowing.  Much 
additional  information  is  given,  showing  the  relative  resistance  of  the 
seeds  of  cultivated  plants  and  of  those  commonly  designated  as  weeds, 
and  the  influence  upon  the  preservation  of  vitality  of  the  depth  of 
burial,  of  hard  seed  coats,  and  of  hulled  as  compared  with  unhulled 
seed. 

This  paper  was  prepared  by  J.  W.  T.  Duvel,  Assistant  in  the  Seed 
Laboratory,  and  has  been  submitted  with  a  view  to  publication. 

The  accompanying  illustrations  are  necessary  for  a  complete  under- 
standing of  the  paper. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretai^  of  Agriculture. 
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THE  VITALITY  OF  BURIED  SEEDS 


INTBOBT7CTION. 

The  preservation  of  the  vitality  of  seeds  when  buried  in  the  soil 

and   the    awakening  of  metabolic  activity  in  such  seeds  on   being 

exposed   to  conditions  favorable  to  their  germination  are  equally  as 

important  to  the  practical  farmer  as  to  the  scientist.     The  intelligent 

farmer  in  order  to  combat  noxious  plants  successfully  should  know 

how  much  time  must  elapse  after  heavy  crops  of  weeds  of  various 

sorts  are  turned  under  before  the  ground  can  be  plowed  again  with 

safety-      He  should  also  know  what  plants  he  can  hope  to  eradicate  in 

this  way,  for  with  many  of  our  worst  weeds  this  method  would  result 

only  in   failure.     In  fact,  the  reason  wh}'  the  majority  of  our  most 

persistent  weeds  are  so  difficult  to  eradicate  is  because  their  seeds  are 

capable  of  retaining  their  vitality  for  a  number  of  years  when  buried 

in  the  soil.     It  thus  becomes  important  to  know  how  different  species 

of  seeds  behave  when  buried  under  similar  conditions,  and  how  seeds 

of  the  same  species  behave  when  buried  under  different  conditions. 

KINDS  OF  SEEDS  BUBIED. 

So  much  has  already  been  written  on  the  germination  of  seeds  that 
have  remained  doimant  in  the  soil  for  a  number  of  years,  in  some 
cases  even  for  centuries,  that  it  seemed  desirable  to  determine  with 
some  degree  of  accuracy  the  length  of  time  that  certain  seeds  will 
retain  their  vitality  when  buried  in  the  soil  under  known  conditions. 
Accordingly,  in  the  autumn  of  1902,  112  different  samples  of  seeds 
were  selected  for  these  experiments,  as  follows: 

Table  I. — List  of  seedsi  selected  for  the  ejcjjerlments. 


labora- 
tory 
test 
num- 
ber. 


16173 
16174 
16175 
16176 
16177 
16178 
16179 
16180 
161M 
16182 
16183 
161M 


Kind  of  seed. 


Poacese  (grass  family): 

Agropyron  repent  (L.)  Beauv.  (couch  grans) 

Avtna  JaitM  L.  (wild  oat) 

Arena  tatira  L.  (oats) 

Bromus  seccUinue  L.  (cheat,  chera) 

Bromua  racemomu  L.  (upright  chess,  smooth  brome-gra.ss) 

Chaetoe/Uoa  rerticinata  (L. )  Scrlbn.  (foxtail ) 

Chaetochioa glauca  <L.)  Scribn.  (yellow foxtail) 

Chaetochloa  riridis  ( L. )  Scribn.  (green  foxtai  1 ) 

Eleufine  indica  (L.)  Gaertn.  ( wire-gnuts,  crab-gra.««} 

Elymus  virginictu  L.  (Virginia  wild  rye) 

Etymiia canadcfifls  L.  (nodding  wild  r>e) 

Elymu€  triticoides  Buckl.  ( wild  wheat) 


Burial 

Sample 
number. 

number 
as  given 

on 



diagram. 

100 

81 

71 

9 

24 

8 

84 

36 

33 

37 

108 

6(5 

46 

S3 

5 

67 

26 

T2 

77 

If) 

74 

13 

69 

14 

L 
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VITALITY    OF    BITKIED    SEEDS. 


Table  I. —  Ligt  of  seedg  tuelected  for  the  experimeuU — Continued. 


Labora- 
tory 
test 
num- 
l)er. 


Kind  of  seed. 


BurUl 
Q__-_i„  '  number 

diagram. 


i 


16185 
16186 
16187 
16188 
16189 
16190 
16191 
16192 
16193 
16194 
16190 
16196 
16197 

16198 

16199 

16200 

16201 

16202 

16203 
16204 
16205 
16206 
16207 
16208 
16209 

16210 
16211 
16212 
16213 

16214 

10215 

16216 

16217 
16218 
16219 

15220 
16221 
16222 
16223 
16224 
16225 
16226 
16227 

1622« 

16229 

16230 
162;il 
16232 
162:i3 
162:^4 
162:35 

I62:i6 

16237 
16238 
16239 
16240 

10241 

16242 

16243 
16241 
16246 


Poacesc  (gram  family)— ContlDuec^l.  ^ 

F^9tuca  dntior  L.  (meadow  fescue) 

Hordeum  gativum  Jessen.  (barley ) ^ 

PanUmm  virgatum  L.  (tall,  smooth  panicum ) 

PhalariB  anmdiimcea  L.  (reed  canary  grass) 

Phleum prcUerue  L.  (timothy) 

Poa  pratfTuit  L.  ( Kentucky  bluegrass) 

SecaU  cereale  L.  (rye) 

Spor<^>olu8  airoides  Torr.  (hair-grass  drop^seed ) 

Sp(rrobolu% cryiAandru^  CtoTT.)  A.Gray  (sand  drop-seed) i 

S^rdbQlu»  cryj>ta7idrus{T0TT. )  A.  Gray  (sand  drop-seed— nulled  seed ) . , 

^tUiciafi.ae9tiiiitm  L.  (wheat) ^^ I 

Zea  mays  L.  (com — Boone  County  white) 

Zea  mays  L.  (sweet  com— early  Concord) 

Cypcraceee  (sedge  family): 

CyperuM eaculenttu  L.  (yellow  nut-grass) 

LiliacesB  (lily  family): 

Allium  cepa  L.  (onion) i 

ConvaUariaceflB  (lily-of-the- valley  family): 

A^paraffus  officinalis  L.  (asparagus) 

Moracefe  (mulberry  family) :  , 

Oaniuwis  toHva  L.  (hemp) ' 

Urticacea  (nettle  family): 

Boehmeria  nivea  Gaua.  (ramie) i 

Polygonaccee  (buckwheat  familv): 

Fagopyrum/agopyrum  ( L. )  Karst.  (buckwheat ) 

Poiygonum  pennsylvanicum  L.  ( Pennsylvania  persioaria,  smartweed).! 

Polygonum  persicaria  L.  ( lad vVthumb,  smartweed ) { 

J'olycfonum  scandens  L.  (climbing  false  buckwheat) ' 

Rumex  salicif alius  \Ve\nm.  (willow-leaved  dock) I 

Rumexcrispus  L.  (curled  dock),  not  cleaned ' 

Rumex  obtusifolius  L.  (broad-leaved  dock ,  bitter  dock ) 

Chenopodiaceffi(gooscfoot  family):  i 

Axyris  amaranthoides  L.  ( Russian  pigweed) ' 

Beta  vulparis  L.  (sugar  l)cet) ' 

Cheiuypodivm  album  L.  ( lamb's  Quarters,  white  goosefoot ) 

Chentmodinm  hybridum  L.  (maple-leaved  gooseloot ) 

AmaranthacesB  (amaranth  family): 

Amaranthus  irtroflerus  (rou|:h  pigweed) 

Ph  y  tolaccacea)  ( poke  weed  famil  y ) : 

Phytolacca  americana  L.  (poke,  pigeon  berry) 

Portulacaceee  (purslane  family): 

Portulaca  oUrarea  L.  (purslane,  pussley ) 

Sileuaceee  (pink  family): 

Agrostemma  githago  L.  (corn  cockle) 

Alsine  media  L.  (common  chick  weed) 

Vaccaria  vaccaria  ( L.)  Bfitton  (cowherb) 

Brassicacese  (mustard  family): 

Brassica  vigra  (L)  Koch  (black  mustard) 

Bramtica  oleracea  L.  (cabbage) 

Brassica  campestris  L.  ( turnip) 

Bursa  hnrsa-pcLStoris  (L. )  Britton  (shepherd's  purse) 

Erynimum  cheiranlhoides  L.  ( wormseed,  treacle  mustani ) 

NeMia  panicuUita  ( L. )  Desv.  (ball  mustard) 

Sii^ynihrium  altisifitnum  L.  (tall  sisymbrium) 

Tfuasjn  arrense  L.  (field  penny  cress) 

RosaoeKj  (rose family): 

Ihktentilla  monspfliemis  Yj.  (rough  cinquefoil) 

Caestilpiniaceai  (senna  family): 

<\issia  marulandica  L.  (wild  senna,  American  senna) 

Fnbflcea;  (pea  family): 

IjCspaleza/nUcsccns  ( L. )  Britton  ( wand-like  bush  clover) 

Medicago  saliva  L.  (alfalfa,  lucern ) 

Phascolns  vulgaris  L.  ( bean) 

Hsnm  sativum  L.  (pea) 

Rtttnnia  pseudacacia  L.  (locust  tree,  false  acacia  i .  1 

Tnjfolium  hybridum  L.  (alalke  clover) 

Tii/oiitim praimse  L.  (red  clover) 

Tri/fjlium prntense  L.  (red  clover)  harvest  of  1900 

Ti^foHum pratnise  L.  { red  clover)  hard  seed  from  No.  16237 

Trijidinm  rcjtens  L.  (white  clover) 

Vigna  catjang  Walp.    (Iron  cowpca) 

Linaci'sc  (flax  family): 

Linum  usUatissimum  L.  (flax,  linseed) 

Anacardiacea!  (sumac  family): 

Rhus  glabra  L.  (scarlet  sumac) 

Malvacea?  (mallow  family): 

AhutiUm  ahutUon  ( I^. )  Rusby,  (velvet  leaf) 


ditMypium  hirsuttim  L.  (cotton ) 

Hibiscus  militaris  Cav.  (halberd-leaved  rose  mallow), 


88 

28 

70 
93 
112 
75 
25 
12 
68 
13 
22 
14 
15 


m 
t 


27 
82 


2 

21 

9 

10 

11 

107 

lOS 

102 

1 
72 
96 
62 

83 

104 

86 

16 

110 

56 

67 
17 
40 
8 
58 
85 

7H 

60 

73 

Ifi 

43 
59 
20 
19 
87 
50 
49 
54 
68 
41 
42 

SO 

47 

111 
18 
81 


IX 
8» 
M 

6S 
7S 
11 
69 

n 

70 

ID 

1 

2 

74 

39 

U 

17 

75 

18 
40 
76 
41 
76 
89 
77 

81 
19 
79 

80 

M2 

42 

83 

43 
84 
44 

87 
46 
88 
89 
47 
46 
86 
85 

90 

48 

52 

49 
4 
5 

51 

9S 

50 

91 

92 

94 
3 

53 

20 

54 

6 
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Ta BLE  I . — L ht  of  fteeth  sdcctcd  for  the  eujterimen ts — Con ti n ued . 


Lttbiini- 
tt>rr 

Dum- 


Kind  of  >eed. 


Burial 

number.    '^^^Z^^^"" 
diaKram. 


16216 

1«247 

l&24}^ 
W2iy 

ie:25i 

ld2r»2  I 

162S6  I 

W2.S7 

ltli.i9 

16262 

\S26f, 
IS267 
162IG.S 

I 

16269 
leiTO 
ie?71 

16272 
lft273 

16274 

16275 
16276 
16277 
lf.27s 
1V279 

i«r2so 

162«*1 
1^2'<2 
162h3 

162^4 


Hypericacere  (St.  John's  wort  familv): 

Afcyru m  hyptricoidf:^  L.  ( St.  Andrew'.s  cr08s) 

Onapraeese  (evening^  primrose  family): 

Onagra  biennis  (L. )  Scop.  u'ommoD  evening  primrose) 

Apiacese  (carrot  family;: 

Apium gravetAens  L.  ( celery ) 

Pfuiin€u:a  fatiin  L.  ( parsnip,  wild) 

Oleaceie  (olive  family): 

Frajtinus  anifrirana  L.  (white  ash) 

Convolvulace*  (morning-glory  familv ): 

Ontrofrulus  sepium  L.  ( hedge  bindweed,  great  bindwee*!  i 

Ipt^nutea  laniuo^a  L.  (J<mall- flowered  white  morning-glory  i 

CuscutHcett  (dodder  family) : 

Cutcuta  pfjluffouorum  Engelm.  fwrnartweed  dodden ' 

Cufcuta  epilimini  Welhe.  ( flax  dodder) 

Verbenacece  (vervain  family):  ' 

Vrrbttia  hn^atn  L.  (blue  vervain) ' 

Verbena  urticijolia  L.  (white  vervain,  nettle-leaved  vervain; ' 

Solanaceai  (potato  family): 

Cnp^icum  annuum  L.  ( red  pepper) i 

Datura  iattiln  L.  (purple  stramonium,  jimson  weed  i i 

Ljfcitjimncon  lyrojtfrsicon  ( L. )  Karst.  ( tomato) 

yictttiana  tabartim  L.  ( tobacco) 

Sofanum  nigrum  L.  (black  nightshade,  garden  nightshade) 

ScrophulariacesD  (figworl  family): 

Vcrbasmm  thapstti  L.  (great  mullen) 

Plantaginacea;  (plantain  family): 

IHaulago  laneeoiata  L.  ( ribwort.  rilH?rass,  buckhorn ) 

Plantago  major  L.  (common  plantain ) 

Ptantagtt  rugftii  Dec,  (Rugel'H  plantain,  broad  plantain) • 

Cucurbitacea'  (i?ourd  family):  , 

CitrttUuf  dtridlujs  (L.)  Kamt.  (watermelon) j 

Cucumia  melo  L.  (muskmelon ) , 

Cucumif  aalirui  L.  (cucumber) 

Cichoriacea  (chicory  family):  ] 

Laritica  srariola  L.  (prickly  lettuce ) 

Larluca  satti'a  L.  ( lettuce) 

Taroj-aeum  erythrosvermum  Andrz.  (red-seeded  dandelion) 

Amb.-l»^iacea'  (ragweea  family): 

A  mbrosia  artelfiisiaeff^ia  L,  ( ragweed) 

,1  mbrofia  trifida  L.  ( great  ragweed ) 

Xanihutm  pcnnsylranictim  Wallr.  (  Pennsylvania  clotbur,  c<M'kleb»r). 
A steraccjc  (aster  family):  . 

Arctium  lappa  L.  ( burdock,  clotbur ) ' 

Bifien«/ranilosa  L.  (black  beggar  ticks) ■ 

Cardufis  arvcn9i»  (L.)  Robs.  (Ciiinnda  thistle) ' 

Chrymnthcmum  Inicantheinum  L.  ( whileweed,  oxevc  daisy ) 

(irindtha  squarrosn  (Pursh.)  Punal.  (broad-leaved  gnm  plant) ' 

Jlelianihun  anmnm  L.  ( common  sunflower,  wild ) 

Hdianthus  annnus  L.  (common  aunflower,  cultivated  ) 

Onojtordon  nrantliium  L.  (cotton  thistle,  .scotch  thistle) ! 

Kndb* rkm  htrfa  L.  ( black-eyed  Susjin) 

Pinace*  (pine  lamiiy) : 

I*ini(.i  virgin  tana  Mill.  (s<rub  pine,  Jersey  pine) 


44 

95 

X 

IHi 

94  1 

57 

95 

^ 

la'i 

21 

hi)  , 

23 

81 

22 

(B  , 

98 

H2| 

97 

06  ' 

100 

'^ 

99 

39' 

59 

106  ' 

61 

45  , 

60 

99  ' 

lUl 

61 

58 

76 
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88 

la-) 

91 

1(K) 

iuy 

104 

6 

26 

26  . 

2:> 

48  , 

24 

98 

107 

28 

(12 

90 

I0(i 

1 
87 

(-.3 

53 

2H 

51 

27 

101 

112 

M 

61 

MO  , 

111 
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110 

.H9  1 
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HOW  THE  SEEDS  WERE  BUKIED. 

The  foregoing  list  repre.sonts  101^  species,  S4  genera,  and  ;U  families 
of  plants.  Carefully  counted  seeds  of  these  siim])les  were  nnx(nl  with 
dry  clay  soil  and  packed  in  well-baked  earthen  pots  (the  common 
flowerpot  used  in  greenhou.ses).  The  filled  pots  were  covered  with 
inverted  clay  saucers  in  order  to  prevent  the  s(»eds  from  hcMiig 
dost  roved  or  becoming  mixed  with  other  .seeds  which  might  have  been 
in  the  soil  with  w  hich  the  pots  were  covered.  By  burying  the  seeds 
mixed  with  earth  in  porous  clay  pots  of  this  character  they  were  sub- 
jected to  conditions  almost  identical  with  those  xyhich  would  exist  if 
the  seeds  were  buried  either  accidentallv  or  bv  natund  causes.  The 
l)orou.s  clay  pots  admitted  of  the  free  circulation  of  air  jind  water. 
30356— No.  83—05 2 
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VITALITY    OF    BURIED    SEEDS. 


The  pots  containing  these  seeds  were  buried  at  three  different  depthi>. 
Eight  complete  sets  were  buried  from  6  to  8  inches  below  the  surface, 
being  covered  approximately  the  same  as  would  result  from  deep 
plowing.  Twelve  complete  sets  were  covered  to  a  depth  varying  from 
IS  to  22  inches,  sufficiently  deep  in  this  latitude  to  be  reasonahh' 
secure  from  the  action  of  frost.  Twelve  more  complete  sets  were 
buried  at  a  depth  varying  from  86  to  42  inches  where  the  conditions 
were  nearly  uniform,  so  far  as  the  three  factors  which  regulate  the 
germination  of  seeds  are  concerned,  namely,  heat,  moisture,  and  air 
(oxygen).  Figure  1  shows  the  arrangement  of  the  ix)ts,  which  were 
of  0-inch,  4-inch,  and  2-inch  sizes,  to  accommodate  the  different  kinds 
of  seed. 


®®@@®@@(g)@® 


Fig.  1.— Diagram  showing  order  in  ubioh  seeds  were  buried. 

Those  seeds  were  })uried  December  10  to  23,  1902,  in  a  heavv  clav 
soil  on  the  Arlington  Experimental  Farm  of  the  Ignited  States  Depart- 
ment of  Agriculture.  With  the  exception  of  two  of  the  duplicate 
samples  of  red  clover,  the  seeds  were  of  the  harvest  of  1902. 

In  each  case  a  definite  number  of  seeds  was  taken.  Of  the  larger 
kinds,  such  as  }»eans.  peas,  corn.  etc..  loo  seeds  were  used,  but  for  the 
majority  of  the  samples  200  seeds  were  taken.  The  seeds  selected 
were  for  the  most  part  of  plants  with  which  the  greater  number  of 
the  farmers  throughout  the  United  States  are  more  or  less  familiar, 
either  as  plants  of  economic  importance  or  as  weeds. 

In  all  32  complete  sets,  representing  ;)..')S4  pots,  were  buried.  One 
s(?t  from  each  of  the  three  different  (lei)ths  is  to  be  taken  up  as  the 
conditions  warrant  and  will  be  tested  for  vitalitv.  The  results  of 
lhes(»  tests  are  to  be  compared  Avith  the  germination  of  seeds  from  the 
original  bulk  samples  designated  throughout  this  report  as  '•  controls.-' 
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The  control  sanples  me  hein^  stored  in  clotli  hags  in  a  dry  room  on 
the  --eeoiid  floor  of  the  Seed  Lal)omtory.  The  Krst  complete  seri(»s  of 
three  sets  was  taken  up  in  November,  1903,  eleven  months  after  they 
had  l)een  buried.  The  results  of  the  first  year's  experiment  are  given 
in  the  following  pages. 

GEBMINATION  TESTS. 

In  making  the  germination  tests  of  the  buried  seeds  the  cont(»nts  of 
the  pots,  the  mixture  of  seed  and  soil,  were  spread  on  sand  in  ordinar^^ 
greenhoiL^e  Hats.  Along  with  these,  in  the  same  flats,  were  control 
samples  tiiken  from  tlie  original  hulk  lot  of  seeds,  as  previously  men- 
tioned. In  addition,  another  complete  set  of  control  .samples  was 
tested  in  the  germinating  chambers  of  the  Seed  Laboratory.  The  tem- 
peratures given  in  the  ta  Ivs  are  those  be^^t  suited  for  the  germination 
of  the  different  seeds. 

For  convenience  the  results  of  the  germination  tests  have  been 
divided  into  three  groups,  as  follows: 

A.  Seeds  in  which  the  control  samples,  as  well  as  thos(»  that  were 
buried,  gave  only  negative  results  when  tested  in  the  greeidiouse. 

B.  Seeds  which  had  either  decayed  or  germinated  and  afterwards 
decaved  while  thev  were  buried. 

C.  Seeds  which  had  not  completely  lost  their  vitality  while  buried. 
The  first  group,  i.  e.,  those  in  which  both  the  control  .'-amples  and 

those  which  had  been  buried  failed  to  germinate  when  planted  in  flats 
in  the  greenhouse,  consists  of  the  following  species: 

1.  Ajyris  amarantliokus  L.  (Russian  pij:^\vtH'd). 

2.  Bodimeria  uirea  Guad.  (ramie). 

3.  liunm  bursfi-f}<istorii<  (L. )  liritton  (>hepher(l's  purse). 

4.  Oiiiitubis  sf.ttira  L.  (hemp). 

5.  Chat  tor hloii  virldis  (L. )  Scribii.  (green  foxtaiP 

6.  CUniilus  citrulhts  (L.)  Karst.  (watermelon). 

7.  Cf/perus  escuientus  L.  (yellow  nut -grass). 

8.  Omigra  hknnis  (\j.)  Scop,  (evening  primrose). 

9.  Poiygouum  pennsf/lvanicum  L.  (Pennsylvania  smartweed,  persicaria). 

10.  Pohjgoimm  persicaria  L.  (lady's- thumb,  smartweed). 

11.  Pohjgonum  scamhriA  L.  (elmibing  false  buckwheat). 

12.  SfHjrobohtii  airoub's  Terr,  (hair-grass  droi)-seed). 

13.  SporoMus  cri/pia minis  (Torr. )  A.  Gray  (sand  drop-seed — hulled  seed). 

In  this  series  the  hemp  should  be  discarded,  as  repeated  tests  failed 
to  show  any  seeds  from  the  bulk  samples  capable  of  germination.  The 
control  samples  of  the  other  seeds  when  tested  in  the  germinating 
chambers  germinated  nearly  as  well  and  in  some  cases  even  better  than 
the  chamber  tests  which  were  made  at  the  time  the  seeds  were  buried. 
Undoubtedly  some  of  these  seeds  had  decayed  while  buried  in  the  soil; 
in  fact,  the  watermelon  seeds,  A,vyrls  amarantholdes^  and  Spordbolus 
alroUles  y!QV^  marked  ''mostly  decayed''  when  taken  up.  Generall}^ 
speaking,  the  results  show  that  the  failure  to  geiminate  was  not  in  the 
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seeds,  but  that  the  conditions  in  the  greenhouse  were  at  fault,  and 
until  other  tests  are  made  these  results  ean  not  be  discussed  with  any 
<^leo;ree  of  satisfaction.  On  the  other  hand,  it  is  certain  that  some  of 
the  smaller  seeds  failed  to  germinate  because  the}'  were  covered  too 
deeply  when  sown  in  the  flats  in  the  greenhouse. 

Pobj(/onuiii  Hvandens  possibly  should  be  cla^ssitied  in  Table  111,  inas- 
nuich  as  some  of  the  seeds  which  were  buried  at  depths  of  from  18  to 
2:1  inches  and  from  3t>  to  42  inches  showed  a  few  sprouts  at  the  time 
the  seeds  were  taken  up,  but  after  being  transferred  to  the  greenhouse 
no  seedlings  were  developed.  However,  the  failure  in  the  germina- 
tion of  the  control  sample  of  Polygomun  Hcandena  throws  it  into  the 
first  group  (A)  with  the  other  two  species  of  the  same  genus,  i.  e.. 
Polygonum  peiuist/lvcnu'cun/  and  P.  jh^rHicavfa. 

The  result  of  the  tests  of  the  buried  seed  of  SporohoJus  cryptandrui*^ 
as  given  in  this  group,  should  be^  compared  with  the  germination  of 
the  unhuUed  seed  as  given  in  Table  111,  No.  64.  The  control  sam- 
ples of  both  the  hulled  and  the  unhulled  seed  which  were  sown  in  the 
greenhouse  failed  to  germinate,  but  all  three  samples  of  the  unhulled 
seed  that  had  been  buried  gave  some  germination  when  tested  in  the 
greenhouse. 

Table  II. — Results  of  tests  of  seeds  which  had  eithei^  decaijcd  or  germinated  a}ui  aftenrards 

decaijed  vhile  buried. 


1 

Labora- 

iplen 
ber. 

lorv 

test 

num- 

1 

ber. 

H 

16196 

15 

^  16197 

16 

16217 

17 

16221 

18 

16244 

19 

162:« 

20 

16232 

21 

16203 

22 

16195 

23 

16186 

24 

16175 

25 

16191 

26 

16267 

27 

16199 

28 

16270 

29 

UViHl 

30 

16241 

31 

16245 

82 

16200 

33 

16177 

34 

16176 

35 

16181 

3fi 

16284 

87 

16234 

(Chamber  test**. 


Greenhouse  tests  in  sand. 


Kind  of  seed. 


Tern-  '  Origl- 
pera-       mil 
lure,    .sample. 


Con- 
trol. 


Zea  mays  ( BooneCounty  whi  te 

corn ) 

Zea  mays  (sweet  corn) , 

Agrostemiha  githago , 

Bra.ssit'a  oleracea , 

Gassypium  hlrsutum , 

Pisum  sativum 

Phaseolus  vulgaris 

Fagopy rum  fagopyrum , 

Triiifum  aesti vura , 

Hordeum  .sail  vum , 

Avena  sativa 

Secale  cereale 

Cucumis  melo 

Allium  cepa 

Lactuca  .saliva 

Heliauthus  annuus  (t-ult.) 

Linum  usitatissimuni 

Hibiscus  militaris 

Asparagus  officinalis , 

Bn)mus  racemosus 

Bromus  sccalinus 

Eleusinc  indiea 

Pinus  virginiana 

Robinia  p.»ieudacacia 


°  a    '  Per  ct.    Per  d. 


20-30 
20-30 
20-30 

20 
20-30 
20-30 
20-*) 
20-30 

20 

20 
20-30 

20 
20-30 
20-30 
20-30 
20-30 
20-30 
20-:j0 
20-30 
20-30 
20-.% 

35 
20-30 
20-30 


99. 5 

98.5 

99 

85.5 

77. 5 

99 

97.5 
100 

99 
100 

70.5 
100 

96.5 

94. 25 
100 

97 

93. 5 

98. 25 

80 
100 

SS.  5 

78. 25 

18 

14 


99 

98. 

98. 

82 

72 

98 

98. 

98. 

9(5. 

98 

91. 

98. 

97 

88 

98. 

9(?. 


Con- 
trol. 


Depth  of  burial. 


6-8 
inches. 


18-22 
inches. 


3t>-42 

inches. 


Per  ct.    Per  ct.    Per  cL    Per  ct. 


95 

92 

'•69 

98. 

5 

77 

91. 

;> 

6. 

5 

911. 

5 

95. 5 
88 
88 
70.5 
91 
43 
83. 5 
94 
74 

92. 5 
95.5 
/») 
43 
3 


'"i 


I 


,1 


0 
0 
0 
0 
0 
0 
0 
0 

/o 

aO 
0 
0 
0 
0 


(O 


C.) 


0 
0 
0 
0 
0 
0 
0 
0 

/o 

0 
0 
0 
0 
0 


(") 


0 
0 
0 
0 
0 
0 
0 
0 

/o 

aQ 
0 
0 
0 
0 


n  Many  had  germinated  and  afterwards  decayed. 

ft  Approximately  10  per  cent  had  germinated;  the  remainder  had  decayed. 
c  An  occasional  old  sprout  was  found. 

d  Approximately  all  had  germinated  and  afterwards  decayed. 
<  ('lipped,  87  per  cent;  not  clipped.  51  per  cenl, 

/Practically  all  had  sprouted;  the  sprouts  from  seeds  buried  at  the  36-42-inch  depth  were  found 
matted  in  the  bottom  of  the  pot. 
u  Clipped. 
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The  corn,  sweet  corn,  corn  cockle,  cabbage,  cotton,  peas,  beans, 
Jmckwheat,  wheat,  and  barley — the  first  ten  samples  given  in  the  fore- 
^foing  table — were  all  so  unmistakably  decayed  when  the  seeds  were 
taken  up  that  the  contents  of  the  pots  were  thrown  away,  no  green- 
house te^t.s  being  made.  The  lirst  six  of  these  samples  showed  no 
tmce  of  an}'  remains  of  old  sprouts;  apparently  all  of  the  seeds  had 
decayed  before  germination  had  taken  place.  If  germination  took 
place  it  must  have  been  comparatively  soon  after  burial,  thus  giving 
ample  time  for  all  of  the  old  sprouts  to  decay  beyond  identification. 
This,  however,  seems  hardly  probable,  considering  that  the  seeds 
were  buried  during  the  latter  part  of  December,  11H)2;  moreover,  the 
beans,  l>uckwheat,  and  barley  from  some  or  all  of  the  different  depths 
showed  cleai'ly  the  remains  of  well-developed  radicles. 

The  beans  which  were  buried  at  depths  of  from  0  to  s  and  from  is  to 
22  inches  had  decayed,  while  many  of  those  buried  at  a  depth  of  from 
3*>  to  42  inches  had  germinated  and  afterwards  decayed.  The  buck- 
wheat from  the  6  to  8  inch  depth  showed  that  approximately  10  per 
cent  had  germinated,  while  at  18  to  22  inches  there  were  onlv  the 
remains  of  an  occasional  old  sprout,  and  at  36  to  42  inches  all  of  the 
>eed  had  decayed.  In  the  wheat  the  greater  number  of  the  grains 
that  were  buried  from  6  to  8  and  from  36  to  42  inches  had  germinated 
and  then  decayed,  while  those  which  were  buried  at  a  depth  of  from 
18  to  22  inches  showed  onl}'  decayed  seed.  Approximately  all  of  the 
barley  at  the  three  different  depths  had  germinated  and  afterwards 
decayed. 

The  last  fourteen  species  given  in  this  table  were  marked  ''decayed"' 
when  the  seeds  were  taken  up,  but  as  the  conditions  were  not  so  clearly 
indicated  as  in  those  first  mentioned,  germination  tests  were  made  in 
the  greenhouse. 

The  results  of  the  germination  tests  show  that  none  of  the  pots  con- 
tained any  viable  seeds.  Of  this  latter  group  only  the  pots  containing 
the  AsjHiragus  ojfficinalia^LuA  Bromus  r<icem(ff<us  (Nos.  32  and  33)  showed 
remains  of  old  sprouts.  The  seeds  in  the  other  pots  apparently  had 
all  decayed  without  any  germination  during  the  time  they  were  buried. 
The  germination  of  the  asparagus  seed  had  been  almost  perfect.  The 
pot  buried  at  the  greatest  depth  contained  only  a  mass  of  sprouts, 
many  of  which  were  still  partialh'  alive.  The  Brmnus  raci'HK>>i}t.i 
showed  that  germination  had  taken  place  only  in  the  pots  buried  at 
6  to  8  and  36  to  42  inches,  while  those  buried  at  the  depth  of  18  to  22 
inches  had  all  decayed  before  germinating. 

it  is  interesting  to  note  in  this  connection  the  behavior  of  the  two 
species  of  Bromus — BroiniiH  seraJhiuH  (cheat  or  chess)  and  B,  rare- 
)h(mHH  (upright  chess).  The  seeds  of  both  of  these  species  had  com- 
pletelv  lost  their  vitalitv  within  the  eleven  months  in  the  soil,  while 
the  control  samples  gave  a  germination  of  95.5  and  92.5  per  cent. 
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respectively.     These  differences  are  more  clearh^  shown  in  Plate  I,  A 
and  B. 

The  results  above  stated,  while  perhaps  not  altogether  conclusive, 
inasmuch  as  they  represent  only  single  tests  of  200  seeds  in  each  ca5»e, 
show  that  seeds  of  these  two  plants  will  not  remain  viable  for  long 
periods  when  buried  in  the  soil. 

This  is  particularly  interesting  in  the  case  of  the  common  cheat  or 
chess,  which  is  frequently  a  pernicious  weed  in  the  grain  fields  of  the 
United  States.  The  generally  accepted  opinion  is  that  the  grains  of 
cheat  will  live  in  the  soil  for  a  luunber  of  vears,  the  seeds  ijerminatintr 
when  conditions  are  most  favorable,  the  resulting  plants  then  crowd- 
ing out  the  wheat.  Some  people  even  hold  that  in  '^off  seasons" 
wheat  turns  to  cheat,  but  fortunatelv  such  erroneous  ideas  are  fa.st 
disappearing. 

The  results  of  these  experiments  show  that  cheat,  whenever  found 
growing  in  grain  fields  or  elsewhere,  has  come  from  seed  recently 
sown  and  has  not  been  Iving:  dormant  in  the  soil.  With  but  few 
exceptions  the  unexpected  appearance  of  cheat  comes  either  from 
seeds  that  have  been  sown  unintentionallv  mixed  with  wheat  or  other 
grains  so  that  they  passed  unobserved,  or  from  seeds  that  have  been 
scattered  with  stable  manure. 

Dr.  Beal'^  has  also  shown  that  buried  seeds  of  Bromws  secalunts  do 
not  retain  their  vitality  for  a  long  period  of  years,  hi  Beal's  experi- 
ments the  first  test  was  at  the  expiration  of  five  years,  but  not  a  single 
gi-ain  of  cheat  responded  to  the  germination  test  at  that  time. 

Table  II  includes  the  majority  of  our  more  commonly  cultivated 
plants  of  the  field  or  garden,  all  of  which  failed  to  show  any  seeds 
capable  of  germination  after  having  been  buried  in  the  soil  for 
approximately  one  3' ear.  This  statement  will  hold  good  for  the  major- 
ity of  our  cultivated  plants.  There  are,  however,  a  number  of  excep- 
tions. ]Vhiny  of  these  will  be  found  in  Table  111,  some  showing  th^t 
vitality  was  remarkably  well  preserved.  Of  these  celer}',  parsnip,  and 
tobacco  (numbers  14,  J»5,  and  JM),  respectively)  should  be  mentioned  in 
particular.  The  highost  germination  in  each  case  was  64  per  cent  for 
the  celery  from  the  18  to  22  inch  depth,  08  per  cent  for  the  parsnip 
from  the  8G  to  42  inch  depth,  and  70  per  cent  for  the  tobacco  from 
the  IS  to  22  inch  depth. 
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Table  III. — Rmtllaof  tests  ofsteds  that  had  not  conipletehi  loi(t  their  vituUtif  while 

hitriefi. 


E      Labora- 

T    i-^ 

torv 

w*- 

nuxn- 

Ut. 

t> 

161 S5 

^ 

lril257 

+  » 

lti->->-J 

41 

162:^9 

A2 

ltVJ40 

43 

1»V2;* 

44 

ltVJ46 

4-'* 

HV2.>9 

4*; 

16179 

47 

i»i.>4J 

4*^ 

I6jrvs 

41? 

I6'.i:^t' 

.V» 

16.£J5 

•>! 

16271 

ri2 

lti->29 

:v\ 

16-JT3 

M 

16237 

."V-» 

16-J19 

.v; 

l&Syl 

?»T 

lo2K^ 

'*'* 

16J24 

.*^ 

lti.31 

»w» 

162-27 

61 

36Jril 

&2 

itvjia 

<y 

162.^  J 

fi4 

l'J193 

•  •-> 

lti2t>> 

»'6 

ItVirin 

*57 

l<i"22<» 

»'.** 

ir.iis 

f.V 

16l'»^l 

70 

Ml>7 

71 

V3174 

71! 

ir;*2n 

7:4 

1»V22« 

74 

IblSi 

jO 

16190 

7ti 

16262 

1 4 

161V2 

7h 

162"2i) 

71* 

i»r2rT6 

•^) 

16277 

n 

162.V2 

s-2 

16251 

>5 

16214 

M 

16276 

H5 

I6-22.S 

Vi 

16216 

H7 

16272 

''K 

16263 

.•*y 

16279 

•  » 

16271 

91 

16-264 

»2 

16278 

9R 

16188 

»1 

16248 

«fi 

16219 

<•> 

16212 

**7 

162**0 

9h 

16269 

W 

1626<) 

Kji* 

16173 

101 

16275 

IW 

16-209 

lU-i 

16208 

KM 

16215 

105 

16-250 

]0i-. 

16258 

Ifi7 

16-207 

HP* 

16178 

109 

16'282 

Chamber  u-sts. 


Kind  of  seed. 


,  Tern-     OriKi-      ^. 
I   ture.    sample.     "    ' 


Festuca  elatior 

Cap^ifiiin  annuum 

Brasi»i('a  cam  pest  ri» 

Trifolium  repens 

Vigiia  catjang 

Lesi>e<Ieza  fnitefjcens 

Asoyrum  hypericoides 

Lvcopt^rsicon  lycopersicon  . . . 

tiiaetcK'hloa  glauca 

Rhus  glabra 

Ciu'iimis  sa ti  va 

Trifolium  pratense 

Trifolium  hybrldum 

Xanthium  pennsylvaniciim  . 

Ciissia  marylandii'a 

Aiiibrr>««ia  trifida 

Trifolium  pratrnse  ( 109i>l )  . . . 

Vaecaria  vaccaria 

Coil  vol  vu]a»5  sepium 

Kiu11>eokia  hiria 

Erysimum  cheiranlhoides  . . , 

Medicago  Miti va 

'1  hla>:pi  arveni<e 

solaiuira  nigrum 

ChcnofKKlium  hybrid um 

Cust-uta  polygononun 

SiK^roUfhiH  fryptandrus 

Plan  tago  rugelii 

Verbena  ha,>tata 

Brasstlc-a  nigra 

Trifolium  jutitenw.'  ( hard j  , . . 

Elymus  tniieoideN 

Panicum  virgalum 

A  vena  fatua 

Beia  vulgaris 

Potentilla  monspeliensis 

Kly  raus  canadensis 

IV»u  pratensis 

Verba««eum  thapsus 

Elymu}*  viTginicu.H 

Si«»yrabrium  altissimum 

Verbeua  urtieifolia 

Ca rrluus  arvensis 

Ipom<x'a  lacunosa 

ru.MMila  epilinum 

Amaranthu.s  retmflexus 

Bidens*  frrmdowi 

Neslja  paniculata 

Portulaca  oleracea 

.Vmbrosia  artemisiaefolia 

Plantago  lanceolata 

Grindelia  sjquarrosa 

Taraxacum  erythrospermum 

Plantago  major 

Chry.>anthemum     leucanthe- 

m'um 

Phalaris  annidinacea 

Apium  graveolens 

Pastinaca  sat!  va 

Chenopodium  album 

Helianthujtannuus  (wild)  ... 

LACtuca  seariola 

Nieoiiana  tabacum 

Ag  ropyron  repens 

Arctium  lappa 

Rumex  obtusifollus 

Rumex  crispus 

Phytolacca  aroericana 

Fraxinus  amerlcanuH 

Datura  tatula 

Rumex  salicifoliu.^ 

rhaetochloa  verticillata 

Onopordon  acanthium 


20-30 

20-30 

20 

20 

20-30 

20 

30 

20-30 

20-30 

20-35 

20-30 

20 

■20 

30 

30 

20-30 

20 

20-;J5 

20-30 

:« 

20-35 

20 

20-30 

20-3(» 

20-30 

20-30 

30 

20-30 

20-'.i0 

•2M 

20 

20-30 

20-;i0 

20-30 

20-yO 

20-30 

20-;i0 

20-30 

20-30 

20-3.') 

20 

:w 

20-30 
20-35 
20-30 
20-30 
20-30 
20-35 

35 
20-30 

30 
20-:^J 
20-30 
20-30 

20-:}0 
20-35 
2(J-:M) 
20-30 
20-30 
20-30 
20 
20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20-:?0 
20-30 
20-3(1 
20-30 
•2i)-30 


75 


Per  ct 
97 
96 
90 
W, 
h2. 5 
15 

1.5 
99.25 
55.75 
.0 
100 
89. 7.-) 
91.75 
50 
14.5 
29 

b<.  fo 
«"  6. 5 

4 
65. 5 
52. 5 
81,5 
57. 25 
97.  75 
61 
12 

2. 25 

3.75 

9 

1.5 
13.  75 
84 

30. 5 
70.  5 
l.')3 
41 

93.  5 
90.  75 
82.  ■■) 
(')5.  -25 
88. 1'y 

1.5_ 
56. 75 
98.5 
.0 
94.75 
75 
96 

S3. 75 
:.8. 5 

82.  5 
25.  75 
85.  75 
24 

96. 25 
69. 25 

,H.S 

.'»5. 5 
67. 25 
100 

.  25 
89.  "25 
80.  21 
99.  75 
97.  5 
80.  75 
-10.  5 
49. 5 
99 

9s.  25 
9.'.  75 
95.  5 


Per  ct. 
83 
97 
86 

42.76 
59.5 
fl 

.0 
72. 5 
37.5 
.0 
98.5 
73 
84 

''98 
52. 5 


2 

7H. 

12 

64. 

54. 

91 

18. 

8. 

3 

5. 


13. 25 
9.25 
/.I 

36.  5 
91.5 


95. 

87 
98 
44 

M. 

/8S 
91' 


25 


0 


0 


97 

91.5 
42.  5 

78 
41 

87.  5 

78 


91 

8 

Ki.  5 
67 
5.S 
97 

11.  r. 

81.25 
H4 
96 
95. 5 

83. 5 

f1  HS.  5 

2 
*/54 
9(1.  5 
94.  5 
31 


(ireenhouM'  te>t«  in  wind. 
Depth  of  burial. 


Con- 
trol. 


Per  ct. 

80 
18.5 
8(j 
70 
2.5 

.0 
8K 
18 

.0 
62 
85. 5 
73 

.0 
■20 
48 
70 
68 
24 
74. 
14. 
97 


5 
5 


12 
10. 

67! 


31 
18 
H5 
2*2 

93. .') 
9(».  5 
73. 5 
81 
o9 

72.  5 
K\ 
76 

5<'..  5 
.'> 
88 


61 
25 
6.^ 
16 

30.5 
67.  5 
87.5 
8.").  5 
.0 

85. 75 
78 

72. 5 
is.  .1 
33.  5 
86 
S3 

K\.  25 
23.  h 
.^.  o 
80 
91 
81.5 

2(i 

.SM 

2. 5 

88.  Ti 
.0 


6-8  lh-22       :i<»-42 

inches,  inches   inche-*. 


Per  ct. 

0.5 
.0 
.0 

•.0 
.0 
.0 

1 
..) 

1 
.0 
.0 

^ 

2 

.0 
3 

.0 
4.5 

.0 
<j 

6. 5 
2 
''2 
Ml 
9. 


11. 


12 

11.5 
11) 
f>  10.  5 
1.5 


Pir  rt. 

0.0 
.0 
.0 
M 

1 
.0 
.0 

1 

1 


''II 
7 

''9.5 

.0 

16 

7 

"2 

''lU. .') 

23.  5 

21 

20 

15.  .1 

\s 

29 

•23 

39 

32 

41 

30.  ;> 

3-').  5 

39.  5 

> 

''21 
45 

45.  5 
29 
32 
13.  5 
(■.3.  5 

46.  5 
•20.  5 
12.  5 
73 
67.  5 

7.5 
.0 
l>  S(i 

s,s. ,') 
'>  ,\H 
Mi 


0 


''33 
lit.  5 
61 
51 

iii*..  5 
61 

r.9 

70 
'^73 
r.3. 5 
72.  5 
79. 5 
t>6.  5 
.0 
84 

N5.  5 
71 
93 


Ptrrt. 

"0.0 

.5 

''.5 

.0 

.0 

1 

.  5 

.5 

1 

•) 


1 
4 
1 

.0 

3 
''2 
''.^ 
''4 

4 

6.  5 
''5 
/'9 

8 
10.5 

9..') 
10.  5 

1.5 
12 
13 
''14 
1.'>.5 
''  3.  5 
17 
''h 
19.5 
16 
''7 

7. 

''IS. 

17. 

21. 


I 

.')  I 
7i  I 
5  I 


-'J. .) 

•25 

23.  5 

'22 

'53 

21.5 

3>.  5 

37 

41 

36 

11.5 

43.  5 


3 
4 
4. 


.) 
6 
6 
7 
7 
7 

''9 

11.5 
12..-) 
13 
13 
13  5 

i;{.5 

14 
''U 

1 1.  5 
''15.  .'i 

16 

IS 

•20 

21.5 
''2  J 

21.  :> 

■J:').  5 


'« 


>.  ■) 


•26.  5 

'2s.  5 

33 

31 

35 

3r. 

3s.  5 

:Mi.  .=) 

41 

11 

42 

45.  5 

46.  5 


''  19.  5 
.■>»'..  ."S 
('itl 
63 

»4  5 
t'tU.  rt 
h'J.  5 
5."S 
66.  5 
73 

79.  5 
79 

so.  5 
S4 

86. 5 
70. 5 

90. 5 
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Table  III. — Results  of  tests  of  seeds  that  had  not  completely  lost  their  vitality  whilr 

buried — Continued. 


S      Liibora- 
s   .     torv 
^  %      test 
g^    num-  i 


Chamber  testa. 


Kind  of  seed. 


ber. 


'J. 


Tern-      Oripri-  ]    f, 
pern-        nal        \^^^ 
ture.    Hample.,    *  "*' 


Greenhouse  teste  in  MUid.       \ 

I 

Depth  of  barial. 

Con-    — ,  -^ 

irol.         6-8        18-22       96-42 
Inches,  inches,  inches. 


°  C. 

110       16218     AlHine  media 20-30 

Ilia     16243  I  Abutilon  abutilon 

112i;     16189     Phleum  pratense 


Per  cl. 
97 


Prrct. 
98.5 


Perct. 
93 


Per  ct. 
90.5 


Perct. 
96.5 


rerrt. 
92.5 


Average   percentage  of 
germination 63. 2 


57.5        53.2 


20.5 


26.5 


31 


a  Many  had  germinated  and  afterwards  decayed. 

^  Fresh  sprouts  found  when  samples  were  taken  up.  These  sprouted  seeds  were  not  thrown  away. 
but  were  transplanted  wi I h  the  remainder  of  themmpleand  tested  in  sand  in  greenhouse,  conse- 
quently those  which  produced  seedlings  are  included  in  the  percentages  of  germination  given  in  the 
table.    These  fresh  sprouts  were  found  as  follows: 


Sam-  1  Sam-  i 

num  '  ^^*P'^- 1  SpJ^ute.  I  ,Pj^.  Depth.  |  Sprouts, 

l>er.  I  I  ber.  , 


Sam-  I 

mm-  I>«P'h.  1  Sprouts. 


Inche*. 

1 

4 

39 

:^>-12 

1 

59 

.t3 

18-22 

3 

(K) 

54 

lS-22 

1 

67 

55 

lH-22 

1 

67 

58 

18-22 

10 

68  1 

58 

36-42 

5 

69 

59 

6-  8 

4 

69 

59 

18-'22 

2 

71 

Inches.  I 
36-42 

6-  8 
1>^22  ! 
36-42  , 

6-  8 
18-22  . 
36-42  ' 

6-  8 


1 
1 
2 
2 
1 


Few, 
Many, 
Many. 


I  num 
I  ber 


71 
73 
74 

74 

77  I 

4  4 

78  1 
92 


Sam-  j 
P>^.  Depth. ;  Sprouts 


iThche*. 

18-22 

f»-  8 

18-22 

36-42 

18-22 

36-42 

6-  8 

6-  8 


Manv. 

4 

Few. 

Many. 

10 

5 

1 

Many. 


num 
ber 


92 

92 

100 

106 

108 


Inches.  I 

18-22  I 

36-42 

18-22  ' 

6-  8 

6-  8 


Many. 
Many. 


Many 


I 

2 


c Clipped  seed  germinated,  59  per  cent. 

^Clipped. 

«•  Germinated.  84  per  cent  at  20°  C. 

/Clipp>ed  seed  germinated,  100  per  cent. 

a  Tents  interrupted. 

In  Table  III  the  names  of  the  seeds  are  arranged  in  the  order  of 
their  vittilitv  as  determined  bv  the  srermination  tests  made  in  the 
greenhouse.  The  list  of  seeds  tested  begins  with  Fe^tuca  elatiar 
(meadow  fescue),  which  showed  only  one  viable  seed,  that  being  from 
the  18  to  2:^  inch  depth,  and  ends  with  AUhxe  niedia  (common  chick- 
weed),  in  which  nearly  all  of  the  seeds  retained  their  power  of  germi- 
nation throughout  the  entire  period  that  they  remained  in  the  soil. 
The  germination  of  tlie  latter,  when  sown  in  the  greenhouse,  was 
almost  perfect.     (See  PI.  II,  fig.  1.) 

In  many  instances  some  of  the  seeds  had  germinated  while  they  were 
buried.  In  most  cases  the  seeds  which  had  germinated  afterwards 
decayed.  In  the  larger  seeds  this  could  usually  be  determined  with- 
out  much  difticultv,  but  with  manv  of  the  smaller  seeds  no  such  ol)ser- 
vations  could  be  made.  However,  it  is  more  than  probable  that  many 
of  the  smaller  seeds  which  showed  a  low  germination  when  trans- 
planted in  the  greenhouse  had  germinated  and  afterwards  decayed 
before  being  dug  up,  but  this  could  not  ])e  satisfactorily  determined 
by  a  hurried  field  examination.     Many  of  the  pots  also  contained  fresh 
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sprouts  at  the  time  the  seeds  were  taken  up.  The  number  of  fresh 
sprouts  in  each  case  is  indicated  in  a  footnote  to  Table  III. 

Unlike  Table  II,  Table  III  includes  names  of  but  very  few  of  our 
cultivated  plants.  The  majority  belong  to  that  class  of  plants  com- 
monly known  as  weeds.  These  results  show  that  but  a  limited  num- 
ber of  our  cultivated  plants  produce  seeds  which  can  retain  their 
vitality  for  any  length  of  time  when  buried  in  soil.  On  the  other 
hand,  the  seeds  of  the  plants  which  are  commonly  known  as  weeds  are 
of  strong  vitality,  and  many  of  them  deteriorated  but  very  little  with 
tile  treatment  given.  This,  of  course,  is  what  we  would  expect.  By 
natural  selection  the  wild  plants  which  survive  are  just  those  from 
seeds  which  are  capable  of  living  in  the  soil  for  a  period  of  time  more 
or  less  extended,  and  ultimately  this  factor  becomes  hereditary.  With 
most  of  the  cultivated  plants  the  seeds  are  gathered  and  carefully 
saved  from  year  to  year,  resulting  in  the  loss  of  these  inherited 
characteristics. 

The  mere  fact  that  certain  seeds  retain  their  power  of  germination 
for  a  period  of  years  when  buried  in  the  soil  brands  the  plants  which 
they  produce  as  weeds.  The  length  of  time  that  such  seeds  can  remain 
in  the  soil  and  still  retain  their  power  of  germination  largely  deter- 
mines their  noxiousness.  In  other  words,  it  may  well  be  said  that  the 
pernicious  chai'acter  of  weeds  is  directly  proportional  to  the  length  of 
time  the  seeds  will  remain  viable  when  buried  in  the  soil.  For  this 
reason  bad  weeds  are  difficult  to  eradicate  once  the  seeds  are  allowed 
to  mature.     (See  PI.  II.) 

BEI^ATION  OF  DEPTH  OF  BT7BIAL  TO  VITALITY. 

Table  III  shows  that  many  of  the  seeds  were  better  preserved  the 
deeper  ihey  were  buried.  This  is  probably  best  explained  b}^  the 
difference  in  the  three  factors  which  govern  germination,  viz,  heat^ 
moisture^  and  oxygen.  At  the  greatest  depth  the  amount  of  moisture 
is  always  more  uniform,  the  supply  of  air  is  greatly  lowered,  and  the 
temperature  is  much  reduced.  The  temperature  decreases  very  rapidly 
as  we  go  below  the  surface  of  the  soil,  and  at  3i  feet  is  comparatively 
uniform  throughout  the  year.  Experiments  conducted  at  McCxill 
College,  Montreal,  Canada,  by  C.  H.  McLeod  show  that  at  a  depth  of 
40  inches  below  the  surface  of  the  soil  the  minimum  and  maximum 
temperatures  through  the  year  were  approximately  35^  and  60^  F., 
respectively." 

The  greater  number  of  seeds  germinate  best  when  subjected  to  daily 
alternations  in  temperature.  These  alternations  do  not  take  place  at  a 
depth  of  3  feet  below  the  surface;   eonsequentl}^  there  is  a  better 

aTrana.  Roy.  Soc.,  Canada,  Ser.  2,  Vol.  7,  Sec.  HI,  pp.  13-16,  1901. 
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preservation  of  vitality  at  that  depth  as  a  result  of  the  more  dormant 
condition  of  the  seeds.     (See  PI.  Ill  and  the  diagram  below.) 

As  was  anticipated,  most  of  the  seeds  which  were  stored  tn  the  Seed 
Laboratory  preserved  their  vitality  much  better  than  those  that  were 
buried.  But  there  are  a  number  of  cases  in  which  the  seeds  were 
preserved  practically  as  well  in  the  soil  as  in  the  laboratory  ^  the  deteri- 
oration being  verj*^  small  in  either  case.  However,  with  but  few 
exceptions,  an  ample  number  of  seeds  remained  germinable  at  the  ter- 
mination of  the  first  year  to  produce  plants  in  sufficient  number  to  keep 
the  up-to-date  farmer  busy  for  a  good  share  of  the  summer  in  sup- 
pressing them.  The  average  percentages  of  germination  of  all  sanaplea, 
including  the  original  test  and  both  controls,  are  best  shown  in  the 
following  diagram: 

Average  germination  of  controls  and  buried  $eedM. 
Original  tests,  63.2  per  cent. 

Controls  (chamber),  57.5  per  cent. 

Controls  (greenhouse),  53.2  per  cent. 

Buried  6-8  inches,  20.5  per  cent. 


Buried  lS-22  inches,  26.5  per  cent. 
Buried  36-42  inches,  31  per  cent. 

HABB  SEEDS. 

An  interesting  point  in  these  first  results  is  in  the  behavior  of  the 
Trifoliums  and  closely  related  genera,  including  Lespedeza  and  Medi- 
cago.  Generally  speaking,  these  seeds  are  considered  to  be  able  to 
withstand  very  critical  treatment,  but  the  results  of  the  first  ^^'ear's 
experiments  show  that  the  seeds  of  all  of  these  deteriorated  very  greatly 
while  in  the  soil. 

The  white  clover,  No.  41,  germinated  only  1  per  cent,  and  showed 
one  fresli  sprout  when  taken  up  from  the  18  to  22  inch  depth  and 
nothing  from  the  shallower  or  deeper  trenches.  The  red  clover  did 
but  little  better;  No.  49,  a  sample  of  the  harvest  of  1902,  germinated 
2,  4,  and  4  per  cent  for  the  three  different  depths  of  6  to  8,  18  to  22, 
and  36  to  42  inches,  respectively.  Another  sample  of  i^ed  clover,  No. 
54,  germinated  4.6,  5,  and  6  per  cent,  respectively,  for  the  three 
different  depths.  A  third  sample  of  red  clover,  No.  68,  germinated 
10.6, 16.5,  and  14.5  per  cent,  respectively,  from  the  three  depths.  The 
last  two  samples  were  of  Oregon-grown  seed  of  the  harvest  of  1900. 
The  original  sample  of  this  seed.  No.  54,  contained  51.5  per  cent  of 
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hard  seed.  No.  6S  includes  only  the  hard  seed  selected  from  the 
Oreg^on  clover  by  soaking  in  water  for  18  and  then  for  20  hours  a 
portion  of  the  oiiginal  bulk  sample,  using  only  the  remaining  hard 
s«ed. 

These  result's,  while  unsatisfactory,  show  clearly  that  it  is  the  hard 
seeds  in  the  clovers  which  remain  over  in  the  soil  for  some  considerable 
time.  The  alsike  clover,  No.  50,  behaved  prai'tically  the  same  as  the 
>ample  of  red  clover  first  mentioned.  The  Lespedeza,  or  bush  clover. 
No.  43,  gave  results  very  similar  to  the  white  clover.  The  alfalfa,  No. 
59,  gave  a  germination  of  only  2,  9,  and  9  per  cent,  respectively,  for 
the  three  different  depths.  But  in  all  cases  a  few  fresh  sprouts  were 
present  when  the  seeds  were  taken  up,  showing  that  the  seeds  were 
germinating  and  afterwards  decaying. 

BSED8  OF  CULTIVATED  VEBSUS  WHJO  PliANTS. 

A  number  of  interesting  cases  showing  the  greater  hardiness  of  the 
seeds  of  wild  plants  over  those  of  like  or  closely  related  cultivated 
forms  were  recorded.  In  Ilelianthm  anmiun  (Nos.  6  and  97)  the  seeds 
from  the  cultivated  plant — our  common  sunflower  of  the  garden — all 
decayed,  while  the  seeds  of  the  wild  sunflower  retained  their  vitality  and 
germinated  43.5,  64,  and  66.5  per  cent,  respectively,  for  the  three  dif- 
ferent depths.  Similarly  with  Lactuca  sativa  and  LdctxLca  acartola^  Nos. 
5  and  98,  respectively,  the  common  garden  lettuce  seed  had  all  decayed, 
while  the  seed  of  the  prickly  lettuce,  possibly  the  parent  of  our  cos 
varieties,  germinated  63.5,  69,  and  69.5  per  cent,  respectively,  for  the 
thi-ee  different  depths.  Another  striking  example  is  in  Avemi  satira^ 
Xo.  1,  and  Averui  fatua^  No.  71,  the  latter  germinating  9,  8,  and  18 
per  cent,  respectively,  for  the  three  different  depths,  besides  showing 
many  fresh  sprouts  in  the  two  shallower  depths  at  the  time  the  seeds 
were  taken  up. 

Furthermore,  it  is  not  uncommon  to  find  wide  variations  in  different 
species  of  the  same  genus,  even  where  all  forms  are  wild,  e.  g. ,  Ely mus, 
Chaetochloa,  Chenopodium,  Cuscuta,  Plantago,  etc.  But  in  the  cases 
above  mentioned  of  the  cultivated  and  the  closelv  related  wild  forms 
the  ability  of  the  seeds  to  withstand  such  treatment  as  being  buried  in 
the  soil  has  been  lost  by  long  cultivation  of  the  plants  and  the  careful 
preservation  of  the  seeds  under  artificial  conditions  or  storage,  while 
seeds  from  the  wild  forms  can  survive  when  buried  in  the  soil,  for  it 
is  the  plants  from  just  such  seeds  that  have  survived. 

SUMHABT. 

The  length  of  time  that  seeds  will  retain  their  vitality  when  buried 
in  the  soil  is  of  much  importance  in  the  extermination  of  weeds. 

The  seeds  of  many  of  our  pernicious  weeds  can  be  destro^'ed  by 
deep  plowing,  if  the  soil  is  left  undisturbed  for  some  time. 
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Seeds  of  the  cultivated  plants,  with  but  few  exceptions,  lose  their* 
vitality  when  buried  in  the  soil. 

Seeds  of  the  plants  commonly  designated  as  weeds  retain  their  \'ital— 
ity  remarkably  well  when  buried  in  the  soil. 

In  general,  the  pernicious  character  of  weeds  is  directly  proportional 
to  the  length  of  time  the  seeds  will  remain  viable  when  buried  in  the 
soil. 

The  deeper  seeds  are  .buried,  the  better  is  vitality  preserved. 

Hard  seeds  of  the  same  species  retain  their  vitality  much  better 
than  those  with  softer  seed  coats. 

Unhulled  seed,  especially  of  the  grasses,  is  more  resistant  than  hulled 
seed,  and  the  vitality  is  always  better  preserved. 

Seeds  of  plants  from  the  same  genus  often  retain  their  vitality  in  a 
very  different  degree. 

Vitality  is  best  preserved,  even  in  weed  seeds,  when  the  seeds  are 
carefully  harvested  and  stored  in  a  dr}^  and  comparatively  cool  place. 


PLATES. 
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DESGBIFTION  OF  PLATES. 

Plate  I.  Fijj.  1. — BromtisrncemosuMj  smooth  hrovaegrtias.  Fig.  2. — Bromns /*ecalinu9, 
cheat  or  chess.  The  two  divisions  at  the  right  of  each  figure  show  the  vigorous 
growth  made  by  the  check  samples.  In  the  three  divisions  at  the  left,  A,  B,  and 
C,  were  planted  the  seeds  which  had  been  buried  at  depths  of  6  to  8  inches,  18 
to  22  inches,  and  36  to  42  inches,  respectively.  The  vitality  of  the  seeds  of  the«* 
two  8i>ecie8,  which  are  considered  as  noxious  weeds  in  the  grain  fields  of  the 
United  States,  was  destroyed  at  the  expiration  of  eleven  months. 

Plate  II.  Fig.  1. — ^teW  w^rfwi,  common  chickweetl.  Fig.  2. — Rumejc crigpus,  curled 
dock.  Fig.  3. — Datura  iaiula,  jimson  weed.  Seedlings  from  wee<i  seeds  wbidr 
did  not  lose  their  vitality  by  burial  for  eleven  months,  as  shown  in  the  three 
divisions  at  the  left  of  each  flat,  the  germination  being  practically  the  same  as 
in  the  case  of  the  two  check  samples  shown  at  the  right  of  each  flat. 

Plate  III.  Fig.  1. — Eiymus  canadeiishj  nodding  wild  rye.  A,  buried  6  to  8  inches- 
all  killed;  B,  burie<l  18  to  22  inches — only  one  seedling  shows  in  the  figure,  but 
the  total  germination  was  7  per  cent,  as  given  in  the  table;  C,  buried  36  to  42 
inches— germinated  22  per  cent;  the  two  check  samples  at  the  right  made  vigor- 
ous growth,  germinating  81  percent.  Fig.  2. — Fraxinus  amerirdnust  white  ash. 
A,  buried  6  to  8  inches,  and  B,  buried  18  to  22  inches — all  killed;  C,  buried 
36  to  42  inches — germinated  84  per  cent;  the  check  samples  germinated  26  per 
cent,  but  the  seedlings  had  "damped  off"  before  the  photograph  was  taken. 
Fig.  3. — Phytolacca  amerirana,  poke.  A,  buried  6  to  8  inches — germinated  7.5 
per  cent;  B,  buried  18  to  22  inches — germinated  60.5  per  cent;  G,  burietl  36  to 
42  inches — germinated  80.5  per  cent;  the  two  check  samples  genninated  84.5  per 
cent. 

The  illustrations  show  that  in  many  cases  the  vitality  of  seeds  is  better  preserved 
at  a  depth  of  36  to  42  inches  than  at  shallower  depths. 
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— Bromus  Racemosus  (Smooth  Brome-Grass). 


Fk).  2.— BHOMua  SecALiHus  iCheat,  or  Cmessi. 


Fio.  I.— ALSiNE  Media  ^Common  Chickweedj. 


Fia.  2— RuMEX  Crispus  (Cuhled  Dock). 


Fio.  3.— Datura  Tatula  iJimson  Weed). 


U.  S.  DEPARTMENT  OF  AGRf8lJUryRBv,j\rri^, 
BUBUD  OF  PUHT  IllDUSTaT—BDLUTIII  KO.  81. 

B.  T.  GAIXOWAV.  OUtf  gj  B 


THE  SEEDS  OF  THE  BLUEGRASSES. 


I.   THE  GERMINATION,  OBOWING.  HANDLING,  AND  ADUIIBRATION 
OP  BLDECEASS  SEEDS. 

By  ElKiAB  Bhown,  Butanitt  in  Charge  of  Sffd  Laboratory. 

II.   DESCRimoNS  OF  THE  SEEDS  OF  THE  CCMMERCIAL  Bll'ECBASSES 

AND  THEIB  IMPURITIES. 

By  F.  H.  HiLLHAN,  AoMlanl  BotaniM,  fifed  Laboratory. 


IwOBD  NovmBER  14, 1906. 


WASHINGTON: 

QOVEBNMBNT    PRINTING    OFFICE. 
1906. 


BUREAU  OF  PLANT  INDUSTRY. 

B.  T.  GALLOWAY, 

Paiholoffist  and  PhysiologiMj  and  Chief  of  Bureau. 

VEGETABLE  PATHOLOGICAL  AND  PHYSIOLOGICAL  INVESTIGATIONS, 

Albert  F.  Woods,  Pathologist  and  Physiologist  in  Charge^  Acting  Chief  of 

Bureau  in  Absence  of  Chief. 

BOTANICAL  INVESTIGATIONS. 
Frederick  V.  Coville,  Botanist  in  Charge. 

FARM  MANAGEMENT. 
W.  J.  Spillman,  Agriculturist  in  Charge. 

POMOLOGICAL  INVESTIGATIONS, 
G.  B.  Brackett,  Pomologist  in  Charge. 

SEED  AND  PLANT  INTRODUCTION  AND  DISTRIBUTION. 

A.  J.  Pieters,  Botanist  in  Charge. 

ARLINGTON  EXPERIMENTAL  FARM. 
L.  C.  Corbett,  Horticulturist  in  Charge. 

INVESTIGATIONS  IN  THE  AGRICULTURAL  ECONOMY  OF  TROPICAL  AND 

SUBTROPICAL  PLANTS. 

O.  F.  Cook,  Bionomist  in  Charge. 

DRUG  AND  POISONOUS  PLANT  INVESTIGATIONS,  AND  TEA  CULTURE 

INVESTIGATIONS. 

Rodney  H.  Tri'e,  Physiologist  in  Charge. 

DRY  LAND  AGRICULTURE  AND  WESTERN  AGRICULTURAL  EXTENSION. 

Carl  S.  Scofield,  Agriculturist  in  Charge. 

EXPERIMENTAL  GARDENS  AND  GROUNDS. 
E.  M.  Byrnes,  Superintendent. 

SEED  LABORATORY. 
Edoar  Brown,  Botanist  in  Charge. 


J.  E.  Rockwell,  Editor. 
James  E.  Jones,  Chief  Clei'k. 


SEED  LABORATORY. 

SCIENTIFIC  STAFF. 

Edgar  Brown,  Botanist  in  Charge. 
F.  H.  Hillman,  Assistant  Botanist.  J.  W.  T.  Duvel,  Assistant. 

2 


LtTTER  OF  TRANSMITFAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief^ 
Washington^  D,  C,  Jidy  15^  1905, 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  84  of  the  series  of  this  Bureau  the  accom- 
panying technical  paper  entitled  ''The  Seeds  of  the  Bluegrasses." 

This  paper  was  prepared  by  Mr.  Edgar  Brown,  Botanist  in  Charge 
of  the  Seed  Laboratory,  and  Mr.  F.  H.  Hillman,  Assistant  Botanist, 
Seed  Laboratory,  and  has  been  submitted  with  a  view  to  publication. 

The  bluegrasses  are  among  the  most  important  forage  plants  in 
man^'  sections  of  the  United  States  and  Europe,  and  large  quantities 
of  seed  are  harvested  annually  for  use  in  this  country  and  for  expor- 
tation. 

The  process  of  cleaning  the  seed  of  the  bluegrasses  for  market  is 
such  that  many  of  the  distinguishing  characters  are  lost,  and  separate 
descriptions  are  necessary  for  the  hand-picked  and  commercial  seed  of 
the  same  species. 

The  seeds  of  the  different  commercial  species  are  so  nearly  alike  in 
general  appearance  that  at  present  none  but  the  trained  observer  can 
distinguish  between  them.  This  similarity  of  appearance  has  encour- 
aged the  use  of  the  cheaper  and  less  desirable  species,  especially 
Canada  bluegrass,  for  the  adulteration  of  or  substitution  for  the  more 
expensive  species. 

The  descriptions  and  illustrations  herewith  given  of  the  bluegrasses 
and  of  their  impurities  will  be  of  great  value  in  furnishing  seedsmen 
the  necessary  information  to  enable  them  to  distinguish  the  different 
species. 

The  accompanying  illustrations  are  necessary  for  a  complete  under- 
standing of  the  text. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  SEEDS  OF  THE  BLUEGRASSES. 


I.  THE  GERMINATION,  GROWING,  HANDLING,  AND 
ADULTERATION  OF  BLUEGRASS  SEEDS. 

By  Edgar  Brown, 
Botanist  in  Charge  of  Seed  Laboratory. 


DBBCBIPTION  OF  COMMEBCIAL  AND  HAND-GATHEKEB  SEEDS. 

Great  diflBculty  is  experienced  in  distinguishing  the  seeds  of  the 
species  of  Poa.  It  is  especially  important  to  be  able  to  rexjognize 
them,  as  the  species  vary  greatly  in  value  and  the  seed  of  one  species 
is  frequently  substituted  for  that  of  another. 

The  descriptions  of  the  seeds  of  Poa  already  published  have  l)een 
largely  those  of  complete  or  hand-gathered  specimens.  But  the  seeds 
of  some  kinds  as  they  appear  on  the  market  are  more  or  less  broken 
and  have  lost  many  of  their  distinguishing  characters.  The  process 
of  cleaning  often  rubs  oflf  the  web  at  the  base  of  the  seed  and  the 
hairs  along  the  sides  and  breaks  the  tip.  On  this  account  descriptions 
based  on  specimens  of  perfect  seeds  are  not  to  be  relied  upon  in 
identifying  certain  commercial  Poas. 

The  mutilation  of  seeds  during  the  process  of  cleaning  is  especiaUy 
marked  in  home-grown  seed  of  Kentucky  bluegrass  {Poa  j/ratenai^). 
Even  the  hand-gathered  seed  of  rough-stalked  meadow  grass  (Poa 
trlvialis)  is  frequently  so  much  injured  about  the  slender  apex  as  to 
increase  greatly  the  difficulty  of  distinguishing  it  from  that  of  Ken- 
tucky bluegrass.  On  the  other  hand,  the  commercial  seeds  of  wood 
meadow  grass  (Poa  nemo?'alis)  and  fowl  meadow  grass  {Poa  triflora) 
retain  much  of  the  pubescence  on  the  glume,  often  the  web,  and  are 
usually  not  broken  on  the  tip. 

It  is  important  that  descriptions  and  illustrations  to  be  used  in  prac- 
tical seed  testing  be  taken  from  the  commercial  as  well  as  hand- 
gathered  seed  and  be  comparative  in  character.  Those  given  in  this 
paper  have  been  prepared  from  both  hand-gathered  and  commercial 
seed.    The  term  seed  is  here  used  in  its  popular  sense. 
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10  THE   SEEDS   OF  THE   BLUEGBASSES. 

GRADES  AND  QUALITY  OF  COMMERCIAL  SEEDS. 

The  seeds  of  all  species  except  Kentucky  bluegrass  are  known  to  the 
American  trade  in  only  one  grade.  This  is  the  so-called  '* fancy" 
grade,  which  is  based  on  relative  cleanness  and  on  the  bright  appear- 
ance of  the  seed.  The  quality  of  different  samples  passing  under  this 
grade  name  is  not  necessarily  uniform,  but  among  the  more  careful 
dealers  a  purity  standard  of  from  80  to  90  per  cent  is  usually  maintained. 

The  seeds  of  Kentucky  bluegrass  and  of  Canada  bluegrass  raised  in 
this  country  are  usually  much  cleaner  and  freer  from  foreign  seeds 
than  the  European-grown  seeds  of  rough-stalked  meadow  grass,  wood 
meadow  grass,  and  fowl  meadow  grass. 

Kentucky  bluegrass  seed  is  commonly  offered  in  two  grades — 
"fancy,"  and  "  extra-clean  "  or  " extra-cleaned."  The  latter  names  are 
a  survival  of  the  time  when  the  seed  was  hand  cleaned  and  the  '^  extra- 
clean  "  was  the  best  seed  on  the  market.  With  the  advent  of  improved 
machinery  the  "fancy"  grade  was  established  and  it  is  now  the  only 
grade  generally  accepted  by  the  intelligent  purchaser.  The  "extra- 
clean"  still  on  the  market  belies  its  name,  since  it  consists  of  the  chaff 
or  cleanings  from  the  fancy  seed,  and  consequently  contains  only  light 
seed.  Samples  of  "extra-cleaned"  as  offered  usually  contain  less  than 
10  per  cent  of  seed. 

In  some  cases  the  growers  find  a  sale  for  the  rough  or  uncleaned 
seed  after  it  has  been  passed  through  a  feed  cutter.  In  this  condition 
it  has  very  much  the  appearance  of  fine-cut  straw  with  a  large  per- 
centage of  chaff,  and  can  be  scattered  over  pastures  and  other  areas, 
seeding  them  as  eflectually  as  could  be  done  by  the  use  of  fancy 
recleaned  seed.  If  well  cured,  the  germinating  quality  of  such  seed 
is  excellent,  and  the  mass  contains  from  60  to  70  per  cent  of  pure  seed. 
Except  for  foreign  trade  the  percentage  of  germination  has  little  to  do 
with  the  price  and  grade  of  bluegrass  seed. 

Aside  from  adulterated  samples  the  purity  of  "fancy"  seed  of  all 
species  of  bluegrass  is  usually  good.  Of  the  2,887  samples  of  Ken- 
tucky bluegrass  tested  by  the  Zurich  Seed  Control  Station  from  1876 
to  1903  the  average  purity  was  86.3  per  cent.  Of  the  69  samples 
tested  in  the  Seed  Laboratory  of  the  Department  of  Agriculture 
during  the  past  year  the  average  purity  was  75.02  per  cent 

ADULTEKATION. 

The  seed  of  Canada  bluegrass  {Poa  compressa)  is  the  only  kind 
used  as  an  adulterant  of  Kentucky  bluegrass  in  this  country.  During 
the  year  1904  649,451  pounds  of  Canada  bluegrass  seed  were  imported 
from  Canada,  practically  none  of  which  is  being  sold  under  its  true 
name.  Among  the  samples  of  seed  sold  for  Kentucky  bluegrass  and 
sent  to  the  Seed  Laboratory  for  examination  a  large  number  have 
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(xmtained  from  30  to  50  per  cent  of  Canada  bluegrass  seed  and  several 
hftve  been  entirely  composed  of  the  Canada  seed. 

It  is  significant  in  this  connection  that  the  price  of  Canada  bluegrass 
"^eed  varies  with  that  of  Kentucky  bluegrass  seed,  being  usually  about 
one-half  that  of  the  latter.  This  adulteration  is  not  merely  a  simple 
fniud  by  which  the  farmer  pays  for  what  he  does  not  get,  but  the 
difference  in  the  resulting  pasture  or  hay  crop  is  very  important. 
Canada  bluegrass,  while  having  many  good  qualities  in  common  with 
other  species  of  Poa,  is  by  no  means  a  pasture  grass,  for  which  purpose 
Kentucky  bluegrass  is  unexcelled. 

The  seed  of  wood  meadow  grass  {Poa  Tiemoralift)  is  sometimes  adul- 
terated with  other  species  of  Poa,  and  samples  have  been  offered  under 
this  name  that  contain  no  wood  meadow  grass  seed.  One  sample  tested 
in  the  Seed  Laboratory  contained  69.4  per  cent  of  Poa  praterms  and 
23  per  cent  of  Poa  co7npressa^  the  remainder  being  chaff  and  dirt. 
Samples  of  fowl  meadow  giuss  {Poa  trifiord)  have  been  examined 
which  consisted  laigely  of  various  common  grass  and  clover  seeds 
.  combined  with  an  abundance  of  weed  seeds.  These  samples  (contained 
small  quantities  of  Kentucky  and  Canada  bluegrass  seeds,  much  chaff 
and  dirt,  and  some  of  them  no  seeds  of  fowl  meadow  grass. 

The  seed  of  Kentucky  bluegrass  is  used  to  adulterate  that  of  the 
higher  priced  Poa  trivialis^  pure  seed  of  the  latter  species  usually 
being  hard  to  obtain.  Some  of  the  Gei*man  authorities  say  that  it  is 
ne<«ssary  for  every  farmer  to  save  his  own  seed  of  this  grass  in  order 
to  be  sure  that  it  is  pure.     Hunter"  says: 

Previously  to  1883  good  and  genuine  seed  of  this  species  ( Poa  trwwlis)  could  not 
be  obtained  in  this  country  [England].  Seed  of  the  Poa  pratensis  was  commonly 
supplied  for  it.  It  is  now  less  difficult  to  procure  genuine  seed,  but  large  quantities 
of  seed  of  Poapraterms  (which  usually  costs  about  one- third  the  price)  are  prepared 
-  to  resemble  and  are  sold  for  Poa  trivialiSf  and  it  is  only  by  careful  microscopic  exam- 
ination that  the  nature  of  the  seed  can  be  determined 

WEIGHT  PEB  BXTSHEL. 

The  standard  weight  of  a  bushel  of  bluegrass  seed  of  any  grade  is  14 
pounds.  The  actual  weight,  however,  varies  from  6  to  8  pounds  in  the 
case  of  "extra  cleaned"  to  27  pounds  or  more  for  especially  good  sam- 
ples of  fancy  recleaned  seed.  In  the  bluegrass  region  of  Kentucky  it  is 
the  usual  practice  to  sell  the  seed  fresh  from  the  strippers  or  cured  in 
the  chaff  by  the  bushel  of  14  pounds,  but  it  is  always  weighed,  not 
measured.  The  cleaned  seed  is  always  sold  by  the  pound.  As  the 
weight  per  bushel  of  bluegrass  seed  depends  directly  on  its  purity, 
it  is  customary  in  quoting  the  price  of  "fancy"  seed  to  accompany  it 
with  a  statement  as  to  the  weight  per  bushel. 

.       ^Treatise  on  Permanent  Pasture  Grasses,  James  Hunter.    Chester,  England,  1901. 
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The  foreign  trade  is  much  more  critical  than  the  domestic  trade^  and 
the  seed  exported  usually  weighs  from  22  to  24  pounds  per  bushel, 
while  the  domestic  trade  is  content  with  seed  weighing  from  18  to  20 
pounds.  The  heavier  seed  costs  more  per  pound  than  the  lighter  seed, 
since  there  is  more  labor  in  its  preparation,  but  it  is  cheaper  for  the 
purchaser. 

GEBMINATION. 

The  germination  of  commercial  bluegiuss  seed  is  often  poor.  At 
the  Zurich  Seed  Control  Station  the  average  percentage  from  3,069 
samples  of  Kentucky  bluegrass  seed  tested  from  1876  to  1904:  was  65 
per  cent,  while  908  samples  of  Poa  trivialis  tested  showed  an  average 
of  72  per  cent.  The  quality  of  Kentucky  bluegrass  seed  as  respects 
germination  appears,  however,  to  be  improving.  .Last  year's  tests  at 
the  Zurich  station  gave  an  average  of  68  per  cent,  while  a  few  years 
ago  60  per  cent  was  considered  fair  or  satisfactory.  Only  the  best 
seed  goes  to  Europe,  and  consequently  the  percentage  of  germination 
of  that  offered  in  this  country  is  low.  As  carefully  cured  seed  will 
germinate  from  80  to  90  per  cent,  the  cause  for  the  poor  quality  of 
commercial  seed  is  doubtless  to  be  found  in  the  way  it  is  harvested  and 
cured.  ^  The  usual  process  is  to  pile  the  freshly  stripped  seed  in  ricks, 
either  outdoors  or  in  barns.  This  mass  heats  quickly  if  not  stirred 
often  during  the  first  few  days.  One  pile  left  without  stirring  reached 
a  temperature  of  140^  F.  in  sixteen  hours,  killing  all  the  seed. 

GBOWING   AND    HANDLING. 

With  the  exception  of  our  native  western  species,  more  or  less  seed 
of  all  the  commercial  Poas  is  gathered  in  Europe,  where  they  are 
found  wild.  The  harvesting  is  done  by  hand  from  the  natural  mead- 
ows, woods,  or  other  uncultivated  areas.  The  seed  is  cleaned  by  hand 
and  carried  to  market  in  small  quantities  and  collected  by  dealers  who 
supply  the  trade.  The  United  States  furnishes  Europe  with  Kentucky 
bluegrass  seed,  and  Europe  furnishes  the  seed  of  rough-stalked  meadow 
grass  and  wood  meadow  grass,  as  well  as  of  the  other  commercial 
species  of  Poa  used  in  this  country. 

Poa  praten^is  (Kentucky  bluegiuss). — The  bulk  of  the  Kentucky 
bluegrass  seed  comes  from  a  limited  area  known  as  the  bluegrass 
region  of  Kentucky.  The  counties  of  Bourbon,  Scott,  Fayette,  Clark, 
and  Woodford  furnish  most  of  it,  although  there  is  a  small  quantity 
saved  in  Shelby  County.  Some  is  harvested  in  southwestern  Illinois, 
and  there  is  another  area  on  the  border  between  Missouri  and  Iowa 
where  a  considerable  amount  of  seed  is  saved.  The  seed  is  gathered 
from  the  natural  woodland  pastures  as  well  as  from  those  where  it  has 

flSee  Bulletin  No.  19,  Bureau  of  Plant  Industry,  "Kentucky  Bluegrass  Seed:  Har- 
vesting, Curing,  and  Cleaning/' 
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b^n  sown.  It  is  customary  to  graze  cattle  on  it  nearly  the  entire 
year,  as  they  do  not  materially  injure  the  crop  of  seed  if  they  are  kept 
out  for  two  or  three  weeks  immediately  before  gathering.  The  seed 
is  harvested  by  pulling  the  heads  off  with  a  stripper,  the  grass  not 
being  cut  for  hay.  The  cleaning  is  a  rather  difficult  process,  as  it  is 
necessary  to  rub  the  heads  thoroughly  in  order  to  separate  the  seed 
from  the  web  at  the  base.  The  last  of  the  chaff  and  dirt  which  is 
blown  out  during  the  cleaning  process  is  sold  as  ''extra-cleaned"  seed. 
Poa  compressa  (Canada  bluegrass). — ^The  seed  of  Canada  bluegrass 
is  mostly  produced  in  the  Province  of  Ontario,  along  the  north  shore 
of  the  eastern  half  of  Lake  Erie.  The  soil  is  a  heavy  clay  on  lime- 
stone. In  this  section  Canada  bluegrass  is  not  sown,  but  appears  as  a 
volunteer  in  any  fields  that  are  not  kept  under  cultivation,  making  a 
thick  growth  and  crowding  out  other  grasses  and  weeds.  It  is  nearly 
always  found  in  wheat  fields  when  the  wheat  crop  is  a  partial  failure. 
In  this  case  the  seed^  ripening  as  it  does  at  the  same  time  as  the 
wheat,  is  thrashed  with  it  and  screened  out  in  cleaning.  Where  the 
seed  is  harvested  alone  the  grass  is  cut  with  a  mowing  machine  and 
cured  the  same  as  ordinary  hay,  and  afterwards  thrashed  with  a 
clover  huUer  or  grain  separator.  The  hay  is  bright  green,  even  when 
not  cut  until  after  the  seed  is  ripe,  and  is  well  liked  by  some  farmers 
as  feed,  while  it  is  considered  hard  and  of  little  value  by  others.  A 
good  crop  is  from  200  to  300  pounds  of  clean  seed  per  acre.  There 
has  been  some  demand  for  this  seed  in  the  Southeastern  States  under 
the  name  of  Virginia  bluegrass.  The  seed  is  easily  cleaned,  as  it  is 
comparatively  free  from  wool  at  the  base  and  does  not  require  rub- 
bing, as  does  Kentucky  bluegrass  seed.  No  special  machinery  is  used 
except  rather  long  sieves  to  insure  sufficient  screening. 

Poa  trividlu  (rough-stalked  meadow  grass). — The  wholesale  trade 
in  the  seed  of  rough-stalked  meadow  grass  is  largely  confined  to  the 
city  of  Hamburg,  Germany.  The  seed  is  collected  in  the  neighbor- 
hood of  that  city  and  in  the  marshes  of  the  Elbe.  Seed  of  good 
quality  is  also  supplied  from  Denmark,  where  in  one  locality  this 
grass  is  grown  especially  for  seed,  and  it  is  said  to  yield  as  much  as 
400  pounds  to  the  acre.  The  seed  is  stripped  or  the  grass  is  cut  and 
the  seed  allowed  to  after-ripen,  when  it  is  cleaned  by  hand. 

Poa  nemoralw  (wood  meadow  grass). — The  seed  of  wood  meadow 
grass  is  gathered  by  hand  in  the  woods  of  Germany,  and  cleaned  in 
the  same  manner  as  is  the  seed  of  Poa  trivialis. 

Poa  triflora  (fowl  meadow  grass). — Though  widely  distributed 
throughout  the  northern  portion  of  the  United  States,  this  species  is 
chiefly  a  natural  meadow  grass  of  lowlands,  and  is  usually  so  mixed 
with  sedges  and  other  grasses  that  seed  collection  on  a  commercial 
scale  has  not  thUvS  far  been  undertaken  in  this  country.  The  seed  of 
this  species  on  the  market  comes  from  Europe  and  is  very  poor. 
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Prof.  L.  R.  Jones,  of  the  Vermont  Agricultural  Experiment  Station, 
reports  the  seed  production  from  a  nearly  pure  stand  of  this  gmtss  as 
amounting  to  6  bushels  of  19  pounds  each  per  acre.  A  small  plat 
yielded  seed  at  the  rate  of  over  7  bushels  per  acre.  The  seed  is  pro- 
duced abundantly  and  ripens  evenly.  In  Vermont  it  is  harvested  in 
the  latter  part  of  July.  The  name  fowl  meadow  grass  is  often  applied 
to  another  lowland  grass,  Paaiicularia  nervata, 

Poa  arachmfera  (Texas  bluegrass). — The  seed  of  Texas  bluegrass  is 
gathered  by  hand  in  northern  Texas.  It  is  cleaned  by  rubbing 
between  the  hands,  and,  owing  to  the  long,  woolly  hairs  at  the  base  of 
the  seed,  it  is  never  "  fancy  clean."  The  best  seed  is  produced  on 
rich,  black,  waxy  soil,  and  is  ripe  about  May  1  to  15.  Onl^^  a  soiall 
quantity  is  gathered  each  year,  and  consequently  it  is  high  priced  and 
can  not  be  considered  as  a  commercial  seed  at  the  present  time. 

Poa  annua  (annual  bluegrass). — ^The  seed  of  the  annual  bluegrass  is 
not  on  the  market  in  this  country,  though  the  plant  is  common  about 
dwellings,  especially  in  the  South  and  East,  and  ripens  its  seed 
throughout  the  summer.  The  seeds  do  not  ripen  evenly,  the  upper 
ones  falling  before  the  lower  flowers  have  opened.  The  seed  is 
gathered  and  used  to  some  extent  in  Europe. 

Poa  alpina  (alpine  meadow  grass). — Alpine  meadow  grass  is  best 
known  in  Switzerland,  where  the  seed  ripens  from  the  end  of  June  to 
the  middle  of  July.  The  viviparous  form  can  be  propagated  by  scat- 
tering the  buds  during  the  hot  weather. 

Poa  sudetica. — The  seed  of  Poa  svdetica^  which  is  a  European  grajss, 
is  rare  in  the  market,  but  is  occasionally  quoted  by  French  and  by 
German  firms.  It  is  sometimes  mixed  to  some  extent  with  the  seeds 
of  the  meadow  grasses,  particularly  water  meadow  grass  {Panicularia 
americaiid). 

In  addition  to  the  foregoing,  other  species  of  Poa  occur  in  the 
western  and  northwestern  United  States,  where  they  contribute  to 
the  native  forage  of  the  stock  ranges.  The  seeds  of  these  species, 
however,  are  not  found  in  commerce. 


II.  DESCRIPTIONS  OF  THE  SEEDS  OF  THE  COMMER 
CIAL  BLUEGRASSES  AND  THEIR  IMPURITIES. 

By  F.  H.  HiLLMAN, 
AssiMani  Botanist^  Seed  iMboraiory. 


THE  BLXTEGBASSES. 

The  "seeds"  of  the  species  of  Poa,  or  the  bhiegrasses,  are  the 
ripened  florets  or  individual  parte  of  the  smaller  clusters,  or  spikelets, 
of  the  general  floral  system  of  the  plant.  The  num>)er  of  florets  in 
each  spikelet  varies  from  two  to  nine  in  the  different  kinds  of  Poa 
commonlv  found  in  commerce.  There  is  some  variation  in  the  num- 
her  of  florets  in  the  spikelets  of  each  species.  The  florets  separate 
readily  at  maturity,  and  well-cleaned  samples  of  seed  contain  few 
whole  or  partial  spikelets. 

A  complete,  mature  spikelet  embraces,  besides  its  several  florets,  a 
pair  of  chaffy  scales,  termed  empty  gjumes,  between  which  the  florets, 
or  at  least  the  lower  ones,  rest.     The  empty  glumes,  while  somewhat 
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Fio.  1.— I.— A  spikelet  of  Poa:  a,  stem  of  ^pikelet;  b,  empty  jflumes:  c,  florets,  or  "  weds."  II.— Single 
floret,  back  view:  a,  callus;  6,  keel;  c,  intermediate  veins;  </,  marginal  veins;  r,  hyaline  portion  of 
glume.  III.— Single  floret,  side  view:  a,  callus;  b,  rachilla  si'gment;  c,  kcpl:  d,  intermediate  vein; 
€,  mMi^naX  vein;/,  margin  of  glume.  IV.— Single  floret,  front  view:  a,  ra<-hilla  segment;  6,  mar- 
ginal fold;  c,  polea;  d,  keelsof  palea.  V.— Terminal  floret,  front  view:  a,  rachllla  segment;  6,  aborted 
floret;  c,  palea.    VI.— Caryopsis,  or  grain:  a,  location  of  embr>'o;  6.  keeled  face;  c,  gr(X)ved  face. 

dissimilar,  are  keeled,  acute,  and  one  or  three  veined.     The  keel  of 

each  is  usually  hispid-ciliate  above  the  middle.     A  portion  of  the  stem 

of  the  spikelet  often  remains  attached  to  the  base  of  the  empty  glumes 

when  these  are  found  in  commercial  samples. 

Each  mature,  well-developed  floret  or  seed  consists  of  a  caryopsis, 

commonly  called  grain,  two  inclosing  scales  which,  together  with 

the  empty  glumes,  constitute  the  chaff,  and  a  slender  appendage, 

the  rachilla  segment.     (Fig.  1.) 
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The  caryopsis  corresponds  to  an  individual  grain  in  wheat,  rye,  and 
barley,  and  consists  almost  entirely  of  the  seed  proper,  to  which  is 
added  only  the  thin  wall  of  the  seed  vessel.  This  is  intimately  blended 
with  the  seed  coat,  the  two  forming  the  covering  of  the  true  seed. 
The  caryopsis  is  spindle-shaped  and  often  broadest  between  the  middle 
and  the  base.  It  is  often  bluntly  keeled  along  one  face  and  more  or 
less  evidently  grooved  along  the  opposite  face.  In  the  commercial 
bluegrass  seeds  the  grain  is  amber-colored  or  dull  wine-colored  and 
semitranslucent.  The  surface  is  finely  granular  and  dull.  The  kernel 
of  the  seed  forms  that  part  of  the  grain  within  the  seed  and  seed- 
vessel  walls.  It  consists  of  the  embryo  and  endosperm,  the  latter 
forming  the  greater  part.  The  embryo  is  situated  at  the  basal 
extremity  of  the  grain  and  is  evident  externally  as  a  small  ridge,  often 
within  a  slight  depression,  on  the  keeled  face.  The  grain  adheres 
along  its  grooved  face  to  the  palea  in  some  species  in  which  free  grains 
are  not  common  in  well -cleaned  commercial  seed. 

The  two  chaSy  scales  of  the  floret  differ  chiefly  in  size,  form,  rela- 
tive position,  venation,  and  texture.  The  larger  one,  called  the  flower- 
ing glume  or  simply  the  glume,  incloses  the  edges  of  the  other,  termed 
palea.  The  grain  rests  between  the  glume  and  palea,  its  keeled  face 
lying  against  the  glume.  The  rachilla  segment  is  at  the  base  of  the 
palea  and  opposite  the  glume.  It  is  one  of  the  articulating  sections  of 
the  rachilla,  or  axis  of  the  spikelet. 

The  characters  by  which  the  different  kinds  of  bluegrass  seeds  are 
distinguished  one  from  another  are  afforded  by  the  glume,  palea,  and 
rachilla  segment,  and  involve  size,  form,  color,  veins  of  the  glume, 
form  and  texture  of  the  apex  of  the  glume,  and  the  pubescence. 

The  glume  is  stiffish  and  more  or  less  pointed  at  the  ends.  Its  base 
is  marked  by  the  presence  of  a  small,  somewhat  knob-like  appendage, 
the  callus.  The  latter  bears  the  scar  of  attachment  of  the  floret  and, 
in  certain  species,  a  more  or  less  pronounced  tuft  of  webby  hairs. 
The  back  of  the  glume  is  more  or  less  keeled  along  its  longitudinal 
center.  Besides  the  fold  forming  the  keel,  the  edges  of  the  glume  are 
infolded  along  the  marginal  veins.  The  marginal  folds  often  are  most 
pronounced  within  and  sometimes  are  confined  to  the  lower  half  of  the 
glume,  in  which  event  the  upper  margins  usually  diverge  and  l)ecome 
spreading  or  flaring  at  the  apex.  The  keel  is  strongly  arched  length- 
wise in  some  species  and  in  others  is  nearly  straight.  Five  veins 
traverse  the  glume  longitudinally;  one  occupies  the  keel,  two  are  at 
the  marginal  folds  and  are  termed  the  marginal  veins,  while  the  other 
two  are  situated  midway  between  the  keel  and  marginal  veins  and  are 
called  intermediate  or,  by  some  authors,  lateral  veins.  The  interme- 
diate veins  exhibit  considerable  variation  in  distinctness  in  the  differ- 
ent species.  The  vein  occupying  the  keel  extends  to  the  apex.  The 
apex  and  often  the  upper  part  of  the  lateral  margins  of  the  glume  in 
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meet  species  are  thin  and  traDsIucent,  or  hyaline.  The  extent  of  the 
hr&line  portion  of  the  apex  has  much  to  do  with  the  form  of  the  latter 
uk]  is  \-anable  in  the  different  species. 

The  palea  is  commonly  more  delicate  in  texture  than  the  glume, 
being  partially  hyaline.  It  usually  in  shorter  than  the  glume,  hut  in 
some  species  equals  or  exceeds  it  in  length.  The  difference  in  length 
usually  is  most  evident  in  the  lower  florets  of  the  spikelet.  Two  veins 
tmverse  the  palea  lengthwise  and  nearly  meet  at  it.s  apex.  The  mar- 
gins of  the  palea  are  more  or  less  acutely  infolded  along  these  veins, 
which  are  called  the  keels  of  the  palea.  The  keels  are  mostly  covered 
hy  the  glume  in  some  species,  while  in  others  they  are  almost  wholly 
exposed.  There  in  some  variation  in  this  respect,  liowever,  among 
seeds  of  the  same  species.     The  apex  of  the  palea  is  often  notched. 

The  ntchilla  segment  is  nearly  cylindrical  and  usually  somewhat 
curved.  It  is  slightly  expanded  at  the  apex,  which  is  obliquely  trun- 
cate, its  terminal  surface  constituting  the  scar  of  at- 
tachment to  the  succeeding  floret.  Different  florets  in 
the  same  spikelet  in  certain  species  exhibit  a  marked 
variation  in  the  length  of  the  rachilla  segment,  which 
is  shortest  in  the  lower  florets  and  conspicuously 
longer  in  the  terminal  one,  where  it  usually  l)ears  an 
aborted  floret  as  a  small,  pointed  appendage. 

The  surface  of  the  florets  of  different  species  of  Poa 
is  subject  to  considerable  variation.     Some  florets  are 
smooth,  or  glabrous;  others  bear  numerous  minute, 
stiffish  hairs,  rendering  the  surface  rough,  or  scabrous;       Kentiickr'"biQe- 
and  Home  have  a  fine,  appressed  pubescence  covering       snts  iwed   (Poa 
a  part  of  the  surface.     Most  of  the  species  have  a       fc"'p^b^euc.r*o( 
more  or  less  silky  pubescence  on  the  keel  and  mar-       margiLsi  vein;  e. 
ginal  veins  below  the  middle  or  somewhat  higher  on       kMi^"'^"''  *  "' 
the  keel.     The   intermediate  veins  are  more  rarely 
pubescent     The  keels  of  the  palea  are  usually  fringed  with  minute 
hairs,  or  are  hispid-ciliate,  but  in  some  species  they  are  silky  jMibes- 
cent.     The  basal  web  is  wholly  wanting  in  some  species  and  in  others 
varies  from  a  few  fibers  to  a  copious  tuft.     It  readily  separates  from 
the  floret  in  most  species.     The  rachilla  segment  is  usually  smooth, 
bnt  in  some  species  it  is  appressed  pulwscent.     The  presence  of  the 
hairs  on  the  marginal  veins  often  necessitates  tliat  care  be  used  in 
examining  the  i-achilla  segment  with  respect  to  pubescence.     (Fig-  2.) 
The  color  of  mature  seeds  varies  from  \ery  light  brown  to  dai'k 
brown.     Sterile  seeds  are  usually  lighter  or  sti-aw  colored.     Immature 
seeds  are  more  or  less  tinged  with  green;  some  are  purplish.     In  cer- 
tain species  the  glume  is  tinged  with  golden  yellow  near  the  apex. 
Tlie  aborted  terminal  floret  and  all  the  hairs  are  white.     The  rac'hilla 
'     H«gment  is  lighter  colored  than  the  glume  or  palea. 
5813— No.  84— as— 3 
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Poorly  cleaned  samples  are  apt  to  cod  tain  many  sterile  florets. 
These  are  slender,  sometimes  shrimken,  and  usually  lighter  colored 
than  the  grain-bearing  florets,  which  are  comparatively  plump  and 

often  dark  colored,  owing  to  the  color  of 
the  grain  appearing  through  the  thin  palea. 
(Fig.  3.) 

The  recognition  of  the  several  species  of  Poa, 
when  the  identity  4s  questionable,  requires  the 
^^^^       use  of  a  good  lens  and  a  knowledge  of    the 
^  ^^      ^  W^  principal  distinguishing  characters.     A  sample 

FIG.  sZ^edB  of  Kentucky      ""^cr  examination  should  be  spread  thinly  on 
b\uegnus8{Poaprcuenns):  a,    a  shcet  of  paper,  or,  better  still,  on  a  black  «iir- 

grain  bearing;  b.  sterile.  f^^^        ^yj^,^  ^  ^^^j  jj^j^^  ^^^  ^^^^^  j^^.  ^^^^^^ 

ing  the  seeds  over  while  under  the  lens,  they  can  easily  be  examined 
with  reference  to  size,  color,  distinctness  of  veins,  character  of  pubes- 
cence, the  condition  of  the  margins  of  the  glume,  etc.  Exposing  the 
different  sides  of  the  florets  to  the  light  while  under  examination  is 
often  absolutely  essential  in  determining  the  nature  of  the  veins  and 
pubescence. 

KEY  TO  THE  SEEDS  OF  THE  MORE  COMMON  SPECIES  OF  POA  AS  FOUND 

ON   HERBARIUM   SPECIMENS. 
Basal  web  present. 

Web  very  persistent  and  conspicuous P.  arachni/em. 

Web  easily  removed,  small;  keel  of  the  glume  pubescent. 
Intermeiiiate  veins  distinct. 
Intermediate  veins  sharply  defined  as  narrow  ridges;  glume  margins  narrow, 
not  easily  seen  from  the  side;  marginal  veins  usually  smooth.  P.  triviaiis, 
Intermediat43  veins  usually  not  sharply  defined;  glume  margins  broader,  easily 
seen  from  the  side  in  fertile  florets;  marginal  veins  pubescent-  P.  pratentis. 
Intermediate  veins  indistin(!t. 
Rachil la  segment  smooth  or  nearly  so;  florets  2-2J  mm.  long. 
Florets  usually  broader  above  than  below  the  middle;  apex  usually  flaring; 

rachilla  segment  smooth P.  compre»m. 

Florets  not  evidently  broader  alx>ve  than  below  the  middle;  apex  usually 

golden  yellow;  rachilla  segment  sometimes  rough P.  trlflora. 

Rachilla  segment  usually  pubescent. 

Florets  2J-3  mm.  long,  usually  not  yellow  at  the  apex P.  neinoralin. 

Basal  web  not  present. 
Florets  strongly  pulxjscent. 
Intermediate   veins  distinct;  palea  keels    prominent,   often  arched  forward. 

P.  annxuu 

Intermediate  veins  indistinct;  palea  keels  not  arched P.  alpina. 

Florets  not  puljescent P.  sudetiai. 
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KEY    TO   OOMMEBCIAL  BLUEORAaS   SEEDS   AFTER  PREPARATION    FOR 

MARKET. 

Seeds  4—^  tnm.  long;  web  longer  than  glnme,  forming  a  woolly  tuft  and  causing  the 

^eeds  to  ding  in  bunches  in  the  sample P.  arachnifera, 

See<ls  2—2}  mm.  long,  uBually  rubbed  free  from  hairs  and  disconnected  in  the  sample, 
ojtm  more  or  less  torn  at  the  apejc;  commonest  commercial  kinds. 
Irtierrnediate  veins  distinct;  seeds  contracted  at  the  apex  and  not  under  nbmr  than 
belKfw  the  middle;  hyaline  margin  of  apex  seldom  present  in  rubbed  seed. 

P.  pralams. 
Intermediate  reins  very  indistinct;  seeds  broader  above  than  below  the  middle;  hyaline 

margin  of  apex  usually  evident  and  flaring P.  compressa. 

Se«r«lF  2-3  mm.  long,  chiefly  unrubbed;  disconnected  or  clinging  somewhat  in  the 
Eample;  usually  not  torn  at  the  apex;  smooth  or  the  pubescence  on  the  veins 
and  the  web  more  or  less  evident. 
Intermediate  veins  indistinct. 

RfiehiUa  segment  usually  pubescent;  long,  sterile  rachilla  segments  conspicuously 
common;  intermediate  veins  scarcely  evident;  keel  and  marginal  veins  pubescent; 

apex  of  seed  often  flaring;  seed  2i~3  ram.  long P.  nemoralis. 

Rachilla  segment  smooth;  intermediate  veins  but  slightly  evident;  keel  and  marginal 
veins  pubescent;  apex  of  Bee<l  sometimes  flaring;  seed  2-3\  mm.  long.  P.  triflora. 
Intermediate  veins  very  distinct. 

Rachilla  segment  smooth  and  slender;  keel  pul:)e8cent,  marginal  veins  usually 
smooth;  apex  of  seed  acute  and  compressed;  seeds  often  distinctly  curved  as 
viewed  from  the  side P.  tririaiis. 
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THE    SEEDS    OF   THE    BLUEGBA8SE8. 


DESCRIPTIONS  OF   SPECIES. 
Poa  pratensis  L. 

KENTUCKY  BLUEGRABA,  JUNE  GRABS. 

Spikeleta  3-5  flowered;  florete  2-2}  mm.^  rarely  3  mm.,  long,  lanceolate  or  fusiform 
aa  viewed  from  the  back,  lanceolate  or  ovate-lanceolate  as  viewed  from  the  aide, 
mostly  acute  or  the  terminal  floret  sometimes  acuminate  at  the  apex,  glabrous 
between  the  veins,  varying  from  light  brown  to  dark  brown,  sometimes  tinged  with 
purple,  sterile  florets  lighter;  glume  usually  sharply  keeled  quite  to  the  ai)ex  anil 
often  strongly  arched,  particularly  at  the  base;  its  marginal  folds  comparatively 
broad,  extending  from  the  base  nearly  or  quite  to  the  apex,  becoming  hyaline-e<lge<l 
above  the  middle  in  the  lower  florets,  usually  not  expanded  or  flaring  at  the  apex, 
the  edges  nearly  meeting  in  sterile  florets,  separated  and  usually  distended  forward 
in  fertile  lower  florets,  often  scarcely  covering  the  palea  keels  of  fertile  terminal 
florets,  the  hyaline  edge  more  or  less  torn  away  and  the  margins  jagged  at  the  apex 
in  rubbed  commercial  seed;  intermediate  veins  distinct  and  glabrous;  keel  and  mar- 
ginal veins  silky  pul)escent  below  the  middle  or  somewhat  higher  on  the  keel;  basal 
web  well  developed ;  pubescence  and  web  wanting,  except  occasional  traces  of  the 
former,  in  well-rubbed  commercial  seed;  palea  nearly  or  quite  as  long  as  the  glume, 
its  keels  finely  hispid-ciliate  and  usually  covered  for  the  greater  part  of  their  length 
by  the  margins  of  the  glume;  rachilla  segment  slender,  glabrous,  varying  from  alH)ut 
one-sixth  of  the  length  of  the  glume  in  the  lower  florets  to  one-half  its  length  in  the 
terminal  one;  aborted  floret  of  the  sterile  rachilla  segment  minute;  grain  li  mm. 
long,  somewhat  keeled  and  grooved,  often  broadest  below  the  middle,  reddish  brown 
or  darker  about  the  embryo,  and  semitranslucent.     ^Fig.  4.) 


Fio.  4. — Different  forms  of  oommereial  seeds  of  Kentucky  bluegrass  {Poa  pnUetisis):  a  and  b,  back 

views;  c-/,  side  views;  </-J,  front  views;  J,  a  terminal  floret. 

Commercial  Kentucky  bluegrass  .seed  Is  mostly  free  from  the  silk\" 
and  webby  hairs  present  in  hand-gathered  samples,  owing  to  the  rubbing 
process  to  which  it  is  subjected  before  being  marketed.  The  severe 
rubbing  results  in  more  or  less  injur\'  to  the  thin  margins  of  the 
glume,  particular!}'  at  the  apex,  which  is  usually  found  to  be  more  or 
less  torn  when  examined  with  a  lens.  Seeds  of  a  well-rubl)ed  i:»ample 
do  not  tend  to  cling  in  small  bunches  as  do  those  which  are  unrubbed 
or  hand-gathered.  Well-developed  seeds  are  rather  robust  and  have 
the  glume  margins  well  separated  and  evidently  distended  forward. 
Sterile  seeds,  or  such  as  have  the  grain  wanting  or  poorly  developed, 
are  generally  lighter  colored,  slenderer,  and  more  compressed,  while 
the  glume  margins  more  nearly  meet  and  are  but  slightly  or  scarcely 
distended.  Such  are  much  lighter  in  w^eight  than  well -developed 
seeds  and  consequently  are  mostly  blown  out  with  other  chaflf  in  well- 
cleaned  seed. 


DE8CBIPTION8   OF   SPECIES. 
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Kentucky  bluegrass  seed  is  most  readily  confounded  with  that  of 
Cknada  bluegraiJS  {Poa  coiapresm)  and  rough -stalked  meadow  grass 
(/W  trivlalis).  Owing  to  the  diflFerence  in  cost,  Poa  ct/mpreHHa  is 
sometimes  mixed  with  or  substituted  for  Kentuck}^  bluegrass,  while 
the  latter  is  sometimes  similarly  employed  with  respect  to  Poa 
trh^ialls. 

The  characteristic  differences  between  Kentucky  bluegrass  seed  and 
that  of  Canada  bluegrass,  as  exhibited  by  the  bulk  samples  and  by 
individual  seeds  under  the  lens,  may  be  compared  as  follows: 


Kentucky  bluegrass  {Poapratentia). 

The  usual,  well-cleaned  bulk  samples  are 
brown  in  color. 

Individual,  well-matured  seeds  exhibit 
the  same  brown  color  of  the  bulk  sam- 
ple. 

Nearly  all  the  seeds  taper  from  the  cen- 
ter to  both  ends  and  are  not  broader  at 
the  apex  than  at  the  base. 

The  apex  of  commercial  seeds  is  usually 
torn,  obtusely  pointed,  keeled,  and 
scarcely  h valine. 

The  intermediate  veins  are  almost  in- 
variably distinct. 


Canada  BLrsaRASs  {Poa  rompresta). 

Average  samples  lighter  colored  than 
those  of  Kentucky  bluegrass. 

The  lighter  color  of  individual  seeds  af- 
fords the  principal  character  for  the 
preliminary  recognition  of  these  seeds 
m  mixtures. 

Most  of  the  seeds  are  broader  at  the  apex 
thanat  the  base,  often  distinctly  broader 
at  the  apex  than  at  the  middle. 

Aj)ex  of  commercial  seeds  often  torn, 
mostly  expanded  or  flaring,  often  but 
slightly  keeled. 

The  intermediate  veins  are  very  indis- 
tinct or  apparently  wanting. 


A  number  of  the  samples  of  Kentucky  bluegrass  seed  examined  con- 
tained seed  of  the  Canada  bluegrass.  As  the  latter  seed  fDund  in  com- 
merce usually  contains  the  prickles  or  even  the  seeds  of  Canada  thistle 
(  CardmiH  arvensls)^  these  are  often  found  in  samples  of  Kentucky  blue- 
grass  seed  containing  the  Canada  bluegrass  seed.  Their  presence  indi- 
cates the  admixture,  since  the  Canada  thistle  does  not  grow  in  the 
seed-producing  localities  of  Kentucky,  while  it  is  abundant  in  Canada, 
where  the  Canada  bluegrass  is  produced.  Samples  of  pure  Kentucky 
bluegrass  seed  are  apt  to  contain  the  prickles  of  horse  nettle  {Solanum 
cardlneiue)^  sometimes  wrongly  called  bull  thistle,  a  prickly  plant 
common  in  the  bluegrass  region  of  Kentucky.  These  prickles  are 
similar  to  those  of  the  Canada  thistle,  but  may  be  distinguished,  as 
shown  hereafter  in  this  paper  in  describing  the  impurities  of  the  blue- 
grass  seeds.  The  fact  that  Canada  bluegrass  only  begins  to  flower  at 
the  time  Kentucky  bluegrass  is  ripe  precludes  the  possibility  of  the 
mixture  of  the  two  kinds  of  seed  owing  to  the  fact  of  growth  together. 
Such  mixture  can  occur  only  after  the  seed  is  gathered,  through  acci- 
dent or  intent. 
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Poa  compressa  L. 

CANADA   BLUBGRA88,    FLAT-STEMMED   BLUEGRASS. 

Spikelete  3-9  flowered;  florets  2-2 J  mm.  long,  oblong-obovate  or  the  terminal  one 
lanceolate  as  viewed  from  the  back,  somewhat  narrowly  oblong  as  viewed  from  the 
side,  obtuse  or  the  terminal  one  acute,  smooth  between  the  veins,  straw  colored  or 
light  brown;  glume  somewhat  arched,  especially  at  the  base,  and  strongly  keeled  at 
the  back,  the  keel  often  less  pronounced  at  the  apex  than  at  the  base;  margins 
infolded  from  the  base  for  about  three-fourths  the  length  of  the  floret  in  the  lower 
florets  and  nearly  to  the  apex  in  the  upper  ones,  hyaline-edged  above  the  middle, 
often  broadly  so  at  the  apex,  which  is  more  or  less  flaring  in  the  lower  florets,  the 
thin  apex  often  torn  a^d  jagged  in  commercial  seed;  intermediate  veins  very  indis- 
tinct or  not  evident,  glabrous;  keel  and  marginal  veins  silky  pubescent  below  the  mid- 
dle; basal  web  present,  slight;  palea  nearly  or  quite  equaling  the  glume,  flnely  hispid- 
cilia  te  on  the  keels,  which  are  usually  more  or  less  exposed  above  the  middle,  sometimes 
from  the  base;  rachilla  segment  glabrous,  varying  from  about  one-fifth  the  length 

of  the  glume  in  the 
lower  florets  to  one- 
half  its  length  in  the 

^'H      i  ^  I     t^l  I  IBf]  I  KEi  I  ffi       terminal  one;  aborted 
I    t    I  '   f;    I  '     IH31     lUI     ifil'im       floret   of  the  sterile 

racliilla  segment  min- 

^f^'  ute;  grain  1-1 J  mm. 

long,    keeled     and 

slightly  grooved, 
Fio.  5.— Commercial  seeds  of  Canada  bluegraas  {Poa  compressa) :  a  and  b,  oprnitranHliippnf 
back  views;  r-€,  side  views: /-i.frqnt  views  of  florets;  i,  a  terminal  floret.      ,„.      ^  . 

(Fig.  5.) 

The  seed  o{  Canada  blue^i'ass  is  the  cheapest  of  the  bluegrass  seeds, 
and  is  therefore  not  adulterated  with  other  Poas,  although  it  is  itself 
used  as  an  adulterant  to  a  considerable  extent. 

Pure  samples  of  Canada  bluegrass  seed  almost  always  contain  the 
prickles  and  sometimes  the  seeds  of  Canada  thistle  {Carduus  arvensis)\ 
therefore,  the  occurrence  of  these  prickles  with  other  kinds  indicates 
the  use  of  this  species  as  an  adulterant.  Their  occurrence  with  seed 
of  Poa  triviaHa  without  evidence  of  the  presence  of  Canada  bluegrass 
seed  is  noted  under  the  discussion  of  P.  trivial U. 

Poa  trivialis  L. 

ROUGH-STALKED   MEADOW    GRASS. 

Spikelete  2  or  3  flowered;  florets  2-2^  mm.,  rarely  3  mm.,  long,  narrowly  lanceolate 
or  the  fertile  terminal  one  ovate-lanceolate  aa  viewed  from  the  back,  usually  lanceolate 
and  curved  as  viewed  from  the  side,  laterally  compressed  as  compared  with  other  spe- 
cies, straw  colored  or  light  brown  and  sometimes  purplish,  sharply  keeled,  the  keel 
somewhat  arched;  margins  of  the  glume  scarcely  or  but  slightly  distended,  narrowly 
and  rather  sharply  infolded  nearly  or  quite  to  the  apex,  which  is  hyaline-edge<l,  very 
acute  and  rarely  expanded;  intermediate  veins  very  distinct  as  narrow  and  8har])ly 
defined  ridges;  keel  slightly  pul:)escent  l)elowthe  middle,  or  rarely  smooth;  marginal 
veins  smooth  or  sometimes  pubescent,  basal  web  present;  palea  nearly  equal  to  the 
glume,  its  keels  smooth  or  finely  hispid -ciliate  near  the  ai)ex  and  mostly  covered  by 
the  margnis  of  the  glume  except  in  the  larger  termmal  florets;  rachilla  segment  very 
slender,  glabrous,  varying  from  one-fourth  to  one-halt  the  length  of  the  glume; 
grain  1-1 J  mm.  long,  keeled  and  grooved,  semitranslucent,  reddish  brown.    (Fig.  6.) 
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Rough-stalked  meadow  grass  is  chiefly  hand  gathered;  consequently 
the  commercial  seed  is  apt  to  bear  more  or  less  of  the  web  as  well  as 
the  silky  pubescence  on  the  keel.  In  many  samples,  however,  both 
are  rubbed  away. 

This  seed  resem- 
bles that  of  Poa 
pratensis  and  that 
of  Poa  compressa 
so  closely  that  both 
are    employed    as 

adulterants,  the  Fio.  6.— seeds  of  rouffh-otalked  meadow  gran  (Poa  tHriaiis):  a  and  5, 
former  aDOarentlv       ^*^*^  views;  c-^.side  views:  /and  g,  front  views;  g,  a  terminal  fioret. 

to  considerable  extent,  since  it  has  frequently  been  found  to  constitute 
a  considerable  part  of  samples  of  so-called  rough -stalked  meadow 
grass.  One  sample  examined  marked  ^'Pr/a  trivialis^'^  from  Europe 
consisted  almost  wholly  of  Poa  coinpressa.  Several  samples  from 
Europe  contained  prickles  of  Canada  thistle,  but  no  seeds  of  Canada 
bluegrass  were  found. 

The  principal  distinguishing  characters  of  the  three  species  may  be 
compared  as  follows: 


ROirOH-flTALKED  MKADOW  GRA8B 

{Poatriviali*). 

Commercial  seeds  are  usu- 
ally pubescent  on  the 
keel  vein,  usually  smooth 
on  the  marginal  veins 
and  be«ir  more  or  less  of 
the  webby  hairs,  conse- 
quently cling  together  in 

Afl  viewed  from  the  side, 
the  seeds  are  somewhat 
curved,  much  narrower 
than  the  others,  the 
glome  margins  usually 
only  slightly  evident. 

Apex  of  the  glume  usually 
uninjured,  strongly 
keeled,  acute,  slightly 
hyaline-maigined,  often 
carved. 

Intermediate  veins  sharply 
defined  as  narrow  ridges. 

Rachilla  segment  verv  slen- 
der and  less  variable  in 
length  than  in  P.  pra- 
tenns  or  P,  compressa. 


KKNTUCKY  BLUEGBA88 

(PoaprcUenHs). 


Canada  blueorabs 
{Poa  cmnpres9a). 


Commercial  seeds  rarely  pubescent  on  the  veins  and 
the  webby  hairs  wanting;  consequently  mobile  in  bulk, 
not  clinging  in  masses;  unrubbed  seed  pubescent  on 
the  marginal  and  keel  veins. 


Seeds   mostly  straight   as  Seeds  straight,  the  glume 

viewed    from   the    side,  margins  somewhat   evi- 

glume     margins     often  dent  from  the  side, 
strongly  distended. 


Apex  of  the  glume  more  or    Apex  of  the  glume  often 
less  torn  in  commercial       torn,    otherwise    some- 


seed;  keeled,  sharply 
pointed,  hyaline-edged 
and  not  curved  in  un- 
rubbed seed. 


what  keeled,  obtusely 
pointed,  broader  than  the 
base,  hyaline-edged. 


Intermediate  veins  dis-  Intermediate  veins  indis- 
tinct as  rather  coarse  tinctor  apparently  want- 
ridges,  ing. 

Rachilla  segment  coarser  than  in  P.  trivialis  and  often 
very  short. 
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Poa  nemoralis  L. 


WOOD   MEADOW  GRASS. 

Spikelets  2  or  3  flowered;  florets  2^3  mm.  long,  lanceolate  or  oyate-lanoeolate, 
mostly  acute  at  the  apex,  light  brown,  sometimes  yellowish  tinged  near  the  apex; 
glume  rather  broadly  keeled  and  somewhat  arched  at  the  back;  margins  of  the 
glume  narrowly  infolded  quite  to  the  apex  or  hyaline-edged  and  often  flaring  above 
the  middle;  intermediate  veins  very  indistinct;  keel  and  maiiginal  veins  silky 
pubescent  below  the  middle;  basal  web  slight;  surface  between  the  veins  glabrous; 
palea  nearly  equal  to  the  glume,  evidently  shorter  in  florets  having  a  flaring  apex, 
its  keels  hispid-ciliate  and  usually  covered  by  the  margins  of  the  glume;  rachilla 
segment  varying  from  one-fourth  to  three-fourths  of  the  length  of  the  glume,  the 
sterile  rachilla  segment  very  uniformly  much  longer  than  the  others,  more  or  less 
appressed  pubescent,  the  pubescence  somewhat  variable  and  sometimes  nearly  want- 
ing; aborted  floret  of  the  sterile  rachilla  segment  often  one-half  as  long  as  the  seg- 
ment; grain  1^  mm.  long,  rather  slender,  semitranslucent.     (Fig.  7.) 


Fig.  7.^-Seed8  of  wood  meadow  grass  (Poa  nemoralis):  a-c,  back  views;  d  and  e,  side 

ylcws;  /-j,  front  views;  j,  a  terminal  floret. 

Commercial  wood  meadow  grass  seed  is  not  rubbed  in  preparation 
for  market,  and  therefore  possesses  much  of  its  rather  persistent  and 
prominent  silky  pubescence,  and  the  thin  tips  of  the  florets  are  mostly 
uninjured.  The  pubescence  of  the  rachilla  segment  is  persistent  and 
present  in  most  of  the  seeds  of  all  pure  samples  of  this  species.  It 
aflTords  the  most  marked  characteristic  by  which  the  seeds  of  JP.  nerno- 
raZis  may  be  distinguished  from  those  of  other  commercial  species  of 
Poa.  The  conspicuously  longer  mchilla  segments  of  the  terminal 
florets  are  noticeably  abundant  in  samples  of  this  species,  since  these 
florets  constitute  from  one-third  to  one-half  of  all  the  seed.  The 
abundance  of  the  long  rachilla  segments  is  helpful  in  distinguishing 
these  seeds  from  those  of  other  Poas. 

Conunercial  seed  of  P.  nemoralis  is  apt  to  be  very  much  adulterated 
with  other  species  of  Poa.  Of  a  number  of  samples  examined  less 
than  half  wei*e  true  to  name.  One  was  nearly  pure  Canada  bluegrass 
seed,  and  the  rest  consisted  in  part  of  one  or  all  of  the  following 
species:  P.  jpratewds^  P.  compressn^  and  P.  trivial  is. 

The  following  comparison  of  characters  should  render  it  compara- 
tively easy  to  distinguish  the  se^ds  of  P.  neim/ralis  from  those  of  the 
other  species. 
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Wood  mkadow  grjlbb  Kentdckt    bluegrajbs    {Poa  Canada  bluiqram 

iPoanemoraUa).  pratentit);    RouGH-flrrALKKD  (Poa  compreBta) . 

MEADOW    GRAM    {POa    Mvi- 

aU»). 

Bilkv    pubescence    of    the    Silky  pubescence  of  the  veins  wanting  or  but  slight. 
veiDS  mostly  present  and 
prominent. 

Apex  of  the  glume  slen-    Apex  of  the  glume  acute.      Apex  of  the  glume  broadly 
derlv    Dointed    or   nar-  flaring, 

rowfj'  daring. 

Intermediate  veins   indis-    Intermediate     veins     dis-   Intermediate  veins    indis- 
tinct, tinct.  tinct. 

BachilLa   segment    pubes-    Rachilla  segment  smooth,  not  exceeding  half  the  length 
cent,  often    more   than        of  the  glume. 
half  the  length  of   the 
glame. 

Poa  triflora  Ehrh.  (P.  flava  L.,  P.  serotina  Ehrh.). 

FOWL   MEADOW   GRASS,  FA  LAB   REDTOP. 

SfHkelets  2-4  flowered;  florets  2-2^  mm.  long,  lanceolate  or  ovate-lanceolate  as 
viewed  from  the  back,  broadly  keeled  and  strongly  arched  at  the  back,  light  brown 
and  usually  strongly  tinged  with  yellow  above  the  middle,  sometimes  purplish, 
margins  of  the  glume  narrowly  infolded  below  the  middle  or  quite  to  the  apex, 
which  is  hyaline-edged,  expanded  but  scarcely  flaring;  intermediate  veins  indis- 
tinct; keel  and  marginal 
veins  silky  pubescent  below 
the     middle;    basal     web 

Klight;  paleanearly  or  quite     (fB  ^  ihH  I    111  '   \iA  '  mlm  '    "*  '     Hi  ' 
equal  to  the  glume,  finely 
bispid-ciliate  on  the  keels, 
which  are  mainly  covered 
by  the  glume  margins  in  the  ^  "^ 

lower  florets-  rachilla  sec-    ^^^'  *-^®«^*  ®*  '^^^  meadow  graw  {Poa  tHflora):  a-e,  bock 
»  oc^e        views;  d  and  e,  side  views;  f-h,  front  views;  h,  a  terminal  floret, 

ment  slender,  glabrous  or 

sometimes  slightly  scabrous,  from  one-fourth  to  one-half  or  two-thirds  the  length  of 
the  glome;  aborted  floret  of  the  sterile  rachilla  segment  often  prominent  and  nearly 
as  long  as  the  rachilla  segment;  grain  1  mm.  long,  comparatively  robust  and  smooth, 
scarcely  keeled  or  grooved,  semitranslucent.     (Fig.  8.) 

Most,  if  not  all,  of  the  seed  of  P.  triflora  on  the  market  appears  to 
be  of  foreign  production.  The  samples  examined  have  proved  to  be 
the  worst  found  among  the  bluegrasses.  It  is  probable  that  a  better 
grade  of  seed  could  be  secured  from  the  natural  meadows  in  this  coun- 
try where  this  species  often  constitutes  the  principal  grass.  The 
seedrt  of  P,  trifiora  are  very  similar  to  those  of  Canada  bluegrass  and 
wood  meadow  grass. 
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The  principal  distinguishing  characters  of  the  three  kinds  are  as 
follows: 


(Poa  trifiora). 

Seeds  2-ai  mm.  long. 

Seeds  moHtly  narrower  at 
the  apex  than  at  the  cen- 
ter. 

Seeds  ueiully  yellowish  at 
the  apex. 

Int«rjiiediate  veins  usually 
evident  but  indistinct. 

Pubescence  of  the  veina 
and  the  web  often  pres- 
ent in  commercial  seed. 

Rochilla  s^ment  mostly 
smooth,  sometimes  slight- 
ly rough,  often  two- 
thirds  the  length  of  the 
glume. 

The  name  fowl  meadow  grass  is  often  applied,  both  bj  seedsmea 
and  by  writers  upon  grasses,  to  Paniculana  nervata. 

Poa  araduufera  Toir. 


{Poa  compravt). 

Seeds  2-2i  mm.  long. 
Seeds  mostly  broader  at  the 
apex  than  at  the  center 

Seeds  not  yellowish  at  the 

Intermediate  veins  indis- 
tinct or  more  commonly 
not  evident. 

Pubescence  of  the  veins  and 
the  web  mostly  absent  in 
commercial  seed. 

Rachilla  segment  smooth, 
not  exceeding  one-half  of 
the  length  of  the  gluroe. 


{Poa  nemanlit'). 
8eeds  2^  mm.  long. 
Seeds    narrower     or    not 

broader  at  the  apex  than 

at  the  center. 
Seeds  sometimes  yellowish 

at  the  apex. 
Intermediate  veins    indis- 

Pubescence  of  the  veins 
usually  pnaent  in  com- 
mercial seed. 

Rachilla  segment  pubes- 
cent or  sometimes  only 
rough ,  often  three-fourths 
the  length  of  the  glume. 


Bpikelets  4  or  5  flowered;  florets  4-6  mm.  long,  narrowly  lanceolate,  acuminate, 
straw  colored  or  light  brown;  glume  strongly  keeled  quite  to  the  apex  and  somewhat 
arched;  margins  narrowly  infolded  below  and  becoming  broadly  hyaline  above  the 
middle,  not  widely  flaring  at  the  apex;  marginal  and  keel  veins  strongly  pubes- 


cent with  long,  silky  hairs;  basal  web  copiow,  often  twice  as  long  aa  the  floret, 
very  persistent;  surface  between  the  veins  glabrous,  the  keel  hispid-ciliate  above  the 
middle;  palea  fnim  three- fourths  to  four-flfths  the  length  of  the  glume,  its  keels 
more  or  lees  exposed,  Hilky  piibei^i«nt  to  the  middle  and  hispid-ciliate  at  the  apei; 
rachilla  segment  varying  from  about  one-sixth  to  one-tliird  the  length  of  the  glume, 
glabroua;  aborted  floret  of  the  sterile  rachilla  segment  minute;  grain  slender,  Ij-S 
mm.  long,  oblong- fusiform,  nearly  opaque,  distinctly  grooved  and  keeled.     (Fig.  9.) 
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Texas  bluegrass  seed  Id  rommerce  is  unrubbed,  and  an  the  silky 
pubescence  and  web  are  very  peraistent  they  are  always  present.     The 
hairs  are  so  long  and  copious  that  the  seeds  cling  in  loosely  matfe^, 
woolly  bunches,  and  thus  are  e&silj'  distinguished 
from  all  the  other  cooimeFcial  Potts.     (Fig.  10.) 


SpikeletE  3-5  flowered;  florets  l)-3  mm.  long,  ovate  or 
ovMte-Janceol&te  aoi)  relatively  robust,  strongly  keeled  and 
an-faed  at  the  back,  more  or  Ipse  densely  pubescent,  light 
brown  or  dark  brown  and  often  purplish  or  yellowish; 
margins  of  the  glume  very  narrowly  infolded  below  the 

middle,  thin  and  broadly  hyaline  above  the  middle  in  the  Fio.  lO.— a  pliuter  of  Tbim 
lower  florets,  flaring,  gaping,  or  infolded  at  the  apex ;  inter-  blueniMB  seeds  nulled  by 
mediate  veins  usually  distinct  as  narrow  ridges  eitending  ""*  webbj  flbera. 
from  the  base  to  the  margin  of  the  apex,  glabrous  or  pubescent;  marginal  veins 
and  keel  densely  soft-pubescent  tielow  the  middle;  surface  between  the  veins  some- 
times more  or  lees  pubescent  at  the  tiase;  webwonting;  palea  somewhat  shorter  tban 
the  glume,  except  in  the  terminal  floret;  keels  of  the  palea  coarse  and  prominent, 
moetly  exposed,  usually  arched  forward  and  exposed  to  side  view  in  florets  having  a 
well-developed  fn^n,  often  contracted  toward  the  racbilla  segment  at  the  base,  silky 
pubescent  from  near  the  base  nearly  to  the  apex;  rachilla  segment  glabrous,  from 
one-fourth  to  one-third  the  length  of  the  glume,  aborted  floret  of  the  sterile  rachilla 
eegmeut  minute;  grain  l-ljmm.  long,  robust,  distinctly  granular,  keeled  and  grooved, 
slightly  translucent     (Fig.  11.)  , 

The  seed  of  Poa  annua  la  not  in  the  trade  and  is  not  apt  to  become 
mixed  with  the  commercial  bluegrass  seeds.  It  may  be  readily  distin- 
guiabed  from  the  common  commercial  species  of  Poa  by  its  abundant 


pubescence,  arched  and  silky  pubescent  keels  of  the  palea,  and  robust 
form.  The  seed  most  closely  resembles  that  of  /W  alpina,  from  which 
it  is  distinguished  in  individual  seeds  by  its  distinct  intermediate  veins 
and  prominent,  arched,  and  silky  pubescent  but  not  hispid-ciliate  palea 
keels. 

Fon  alpina  L. 


Spikelets  3-6  flowered;  florets  2)-3i  mm.  loi^,  ovat«-lanceolate  or  obovate,  the 
Dppennoet  lanceolate,  broadly  keeled,  arched,  acute,  or  obtuse,  light  brown,  some- 
times purplish,  and  often  yellowish  tinged  at  the  apex;  margins  narrowly  infolded 
below  the  middle  and  becoming  broadly  hyaline  at  the  apex;  intermediate  veins 
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indistinct  or  evident  only  below  the  middle;  keel  and  mai^ginal  veins  silky  pubesoenl 
below  the  middle  or  higher  on  the  keel,  which  is  hispid  at  the  apex;  surface  between 
the  marginal  veins  and  keel  appressed  pubescent  at  the  base;  web  wanting;  palea 
nearly  or  quite  equal  to  the  glume,  its  keels  not  arched  as  in  Poa  annua,  slightly 
silky  pubescent  below  the  middle  and  hispid-ciliate  above;  rachilla  segment  glabrous, 
varying  from  no  longer  than  wide  to  one-third  the  length  of  the  glume;  aborted 
floret  of  the  sterile  rachilla  segment  minute;  grain  H  mm.  long,  keeled  and  grooved, 
semitranslucent,  dark  reddish  brown,  granular.     (Fig.  12.) 


Fio.  12.— Seeds  of  alpine  meadow  grass  (Poa  alpina):  a  and  b,  back  views;  c-«,  side  views;  /-A,  front 

views;  A,  a  terminal  floret. 

The  seed  of  Poa  alpina  is  not  on  the  market  and  is  not  likel^'^  to  be 
found  in  commercial  seeds.  Individual  seeds  of  P.  alpina  closelj 
resemble  those  of  P.  annua^  but  are  to  be  distinguished  by  the  indis- 
tinct intermediate  veins  of  the  glume,  the  variable  rachilla  segment, 
and  especially  by  the  keels  of  the  palea,  which  are  slenderer,  not 
arched,  less  pubescent,  and  strictly  hispid-ciliate  above.  The  plant  is 
alpine  and  occurs  in  the  northern  part  of  the  United  States  as  far 
west  as  Colorado,  in  Canada  and  Alaska,  and  in  Europe  and  Asia. 


Poa  sudetica  Haenke. 

Spikelets  2  or  3  flowered;  florets  3-4  mm.  long,  lanceolate  or  ovate-lanceolate; 
apex  acute  or  acuminate;  glume  somewhat  arched  and  strongly  keeled  at  the  back, 
light  brown  or  dark  brown,  sometimes  tinged  with  purple;  margins  of  the  glume 
narrowly  infolded  below  the  middle,  narrowly  hyaline-edged  above  the  middle  and 
not  flaring  at  the  apex;  all  the  veins  distinct,  never  silky  pubescent,  usually  hispid; 


Fio.  18.— Seeds  of  Poasudeticxi:  a  and  b,  back  views;  r-e.side  views:  /and  g,  front  views;  g^K  termlzuU 

floret. 

general  surface  scabrous  or  sometimes  glabrous;  web  not  present;  palea  equaling  or 
somewhat  exceeding  the  glume  and  often  separated  from  it  at  the  apex  in  florets 
having  a  well-developed  grain  p  keels  of  the  palea  hispid-ciliate,  mostly  exposed  and 
more  or  less  evident  from  the  side;  rachilla  segment  varying  from  one-fifth  to  one- 
third  or  even  one-half  the  length  of  the  glume,  glabrous  or  scabrous,  sterile  rachilla 
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taaeat  t&pering  to  the  apex,  the  aborted  floret  oeually  minute,  bat  nometinies  con- 
<[«(i}ous  and  nearly  equal  to  the  rochilla  aegment;  grain  about  2  mm.  long,  robtut, 
lirfit  browD,  elightly  keeled  and  j^rooved,  Bemitranelucent.     (Fig-  13.) 

Thy   is  a  European  speciea  not  found  in  tbe  American  market. 

PaniciUaria  spp. 

Owing  to  tbe  fact  that  Panleiihiria  nenjata  is  »ometime»  sold  as  fowl 

nwadow  grass,  a  description  of  \t»  seed  \»  presented.     A  description 

of  the  closely  allied  P.  ainericana,  whieh  is  often  associated  with 

P.  iwrctifji,  is  added  as  an  aid  in  cximparing  the  two  species. 

J"aH;<Titow«mv.((r(Willd.)  Kuntue. 


Florets  1-1}  mm.  long,  robust,  ovate  (obovate  with  reference  to  the  plant),  light 
brown,  purptiKh  and  Hometiniee  greenish  when  immttturei  glome  rounded  at  tbe 
back,  prominently  £even-veined,  Its  margins 
fomewhat  infolded  at  the  base  and  not  flaring  at 
the  apex,  which  ia  sometimes  narrowly  hyaline;  . 
aaiaee   smooth,   except  the   veina,   uhich   are 

sometimes  scabrous :  palea  equal  tii  orBometimes        ^^  vvb< 

l{Kiger  than  the  glume,  broad,  tbe  keels  exposed,         '■'  vi^  .     ^ 

jHominent  and  nearly  meeting  at  the  rounded        '^  h 

md  mmetimee  slightly  notched  apex,  usually  f'"-  "-See^  of  nerved  maniiB  gtaa 
Mhrousabovethemiddle;  rachiUa  segment  one-  ^^^^^-T^^'  "'"'"'' """^  "^ 
fifth  to  one-fourth  tbe  length  of  the  glome,  eub- 

tyltndrical  and  scarcely  expanded  at  the  apex,  the  terminal  one  somewhat  longer 
than  the  others  and  tipped  by  a  minute,  aborted  floret;  grain  loosely  held  by  the 
BtifBsh  glume  and  palea,  obovate,  sightly  flattened,  J-1  mm.  long,  smooth,  some- 
what polished,  very  dark  brownor  black,  sometimes sl^l^tlytranslucenl.    (Fig.  14.) 

Panicuianix  amencana.  (Torr. )  MacM. 


Florets  3-^1  mm.  long,  elliptical -oblong  as  viewed  from  the  front  or  back,  some- 
what spindle-shaped  as  viewed  from  the  side,  obtuse  at  the  apex,  brown,  or  purplish 

before  complete  maturi- 

•  ■  ty;  glume  rounded  at  the 

]     I        ma,  ^^.  back,  distinctly  seven- 

W\  m^^^^         veined,  its  margins  nar- 

H&  ^^H         rowly  infolded   at   the 

^Hn  ^^^^B         base  and  not  flaring  at 

^^H  ^^^Fl         theapex;sur[Hcesmooth 

^^Hl  ^^^  between    the    scabrous 

^^m  r       ■^'    veins;  palea  equal  to  the 

^  ^  glume,  concave.  Its  keels 

Qi  U  C  exposed,  nearly  meeting 

Fie.  U.— Seeda  of  wBler  aetAov  eoM  (Panieiilaria  americanaV.  a,  ti,    at  the  apex,  very  finely 
■Dd  c.  bMk.  ride,  .nd  front  v1e«<,  of  «e<1s:  d.  grain.  hispid-ciliate;      rachilla 

segment  one-fifth  to  one-fourth  the  length  of  the  glume,  subcylindrical,  somewhat 
expanded  at  the  apex,  that  of  the  teruiinal  floret  slightly  longer  and  tipped  by  a 
minute,  aborted  floret;  grain  broadly  oblong,  11-2  mm.  long,  somewhat  flattened, 
^  icry  dark  brown,  slightly  tisnalacent,  smooth,  and  somewhat  polished  when  fully 
dereloped-     (Kg.  15.) 
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WEED  SEEDS  COUUONLY  FOUND  WITH  COUUEBCIAL  BI^TTB- 

GBASS  SEEDS. 

The  following  weed  seeds  are  those  most  frequently  found  with  th 
various  kinds  of  bluegrass  seed. 

Bursa  bursa-paatoris  (L.)  Britton. 

shepherd' S-PUR8E. 

Seeds  J-1  mm.  long,  oval-oblong,  one  extremity  often  pointed  by  the  whitish  tissu 

of  the  scar,  flattened  with  rounded  edges;  faces  similar  and  usually  presenting  two  shai 

low  grooves;  color  yellowish  or  reddish  bro^rn 

usually  darker  near  the  scar;  surface  nearli 

smooth;  endosperm  absent;  embryo  carvc< 

upon  itself,  the  cotyledons  incumbent;  seedi 

developing  a  coat  of  transparent   mucilagi 

when  placed  in  water.     (Fig.  16. ) 

,   ^    ^    ^,  ,„  Seldom   found  abundantly,  but  occnrriofl 

Fig.  16.— Seeds  of  shepherdVpurse  (BurwL     .  ^i     •       «     *  ^i  •  i  i_i 

bursa-padons):  a,  side  view;  6.  edge  view;    freq^enUy  m  all  of  the  commercial  hluegnsi 

c,  n&tural  size  of  seeds.  seeds. 

Lepidium  virg^inicmii  L. 

PEPPERGRASS. 

Seeds  1}  mm.  long,  much  flattened,  ovate  with  one  edge  straight  and  thicker  than 
the  other,  the  curved  edge  narrowly  margined,  the  mar- 
gin usually  hyaline  and  broadest  at  the  broad  end  of  the 
seed;  faces  similar,  each  nearly  crossed  lengthwise  by  a 
curved  groove;  scar  at  the  small  extremity,  marked  by 
a  small,  whitish  tissue;  surface  smooth,  dull,  and  red- 
dish yellow;  endosperm  wanting;  embryo  curved  upon 
itself,  the  cotyledons  accumbent;  seeds  developing  a 
copious  coat  of  transparent  mucilage  when  placed  in 
water.     (Fig.  17.) 

Frequently  found  in  home-grown  seed  and  sometimes  very  abundant,  especially  in 
poorly  cleaned  seed. 

Ceraatium  vulgatmn  L. 

MOUSE-EAR  CHICKWSED. 

Seeds  about  i  mm.  long,  flattened  but  not  thin,  rounded  or  triangular,  the  broad 
edge  rounded,  the  narrow  edge  notched;  surface  roughened  by  small  tubercles 

or  very  short  ridges,  dull,  and  reddish- 
brown;  embryo  cylindrical,  curved  about 
the  endosperm,  its  extremities  nearly 
meeting  at  the  notch  in  the  seed  coat 
(Fig.  18.) 
Found  frequently;  sometimes  abundant  in 


a         h 

Fio.  17.— Seeds  of  peppengnas 
{Lepidium  virgirUcum):  a,  side 
view;  b,  edge  view;  c,  natural 
size  of  seeds. 


^ 


o   «  • 


a 


Fio.  18.— Seeds  of  mouse-ear  chickweed  ( Ce- 
rastium  vulgatum):  a,  side  views;  b,  natural     poorly  cleaned  seed, 
sise  of  seeds. 

Alfline  media  L. 

COMMON  CHICKWEED. 

Seeds  circular-ovate,  about  1  mm.  in  diameter  with  little  variation  in  size,  flattened 
with  plane  faces  and  flattened  edges;  scar  in  a  small  notch  in  the  edge;  surface  dull, 
slightly  tubercled,  the  tubercles  in  rows  on  the  edges  and  in  more  or  leas  evidently 
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coDcentric  rows  on  the  similar  faces;  color  brown,  or  reddish  in  immature  seeds: 
embryo  cylindrical,  curved  about  the  endosperm,  its  extremities  nearly  meeting  at 
the  scar.     (Fig.  19,  a.) 

AUine  media  is  very  common  in  the  United  States,  but  is  so  low-growing  that  the 
American  method  of  seed  stripping  prevents  the  occurrence  of  its  seeds  in  abundance 
in  commercial  bluegrass  seeds.     Its  seeds 
are  common  in  European  bluegrass  seeds, 
pariiciilarly  those  of  rough-stalked  meadow 


Alsine  ^raminea  (L.)  Britton.  "  CL 

Fio.  19.—- Seeds  of  chickweeds:  a,  AMne  me- 
8eedfl  similar  to  those  of  Alsine  media,  ex-        dia;  b,  A.  gramiwa;  c,  natural  size  of  seeds. 

cept  in  form  and  surface  markings;  usually 

dixmlar  or  oval;  faces  and  edges  somewhat  rounded,  finely  roughened  by  short,  inter- 
ladng  ridges  which  are  arranged  more  or  less  concentrically  on  the  faces  and 
parallel  on  the  edges;  surface  dull;  color  grayish-brown,  immature  seeds  reddish. 
(FSg.  19,6.) 
Not  found  in  American  seed;  frequent,  although  not  abundant,  in  European  seed. 


a 


9^ 
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Oarduua  arvensis  (L.)  Robs. 


CANADA  THISTLE. 


Fie.  ao.— Seeds  of  Canada  thistle  ( Oxrdwu  arvensis) :  a,  well 
matuied  seeds;  6,nataral8izeof  seeds;  c,  a  shriveled  seed. 


Seeds  (akenes)  2-3  mm.  long, 
oblong-lanceolate,  flattened  with 
obtuse  edges,  slightly  ridged  along 
each  face,  straight  or  curved  edge- 
wise, sometimes  facewise;  apex 
truncate,  often  obliquely  so,  con- 
cave with  a  ring-like  border;  corolla  scar  represented  by  a  central,  conical  projection; 
snrfaoe  dull  and  mostly  smooth,  sometimes  with  several  narrow,  longitudinal  grooves; 
color  brown,  the  apical  margin  usually  lighter 
and  sometimes  yellowish.     (Fig.  20. ) 

Prickles  of  Canada  thistle  and  horse  nettle 
(Solatium  carolinense)  often  occur  in  certain 
bluegrass  seeds.  While  the  presence  of  the 
former  is  significant  with  respect  to  adultera- 
tion, the  two  kinds  are  apt  to  be  confounded. 
The  prickles  of  Canada  thistle  are  2-6  mm. 
long,  very  slender,  yellowish,  usually  expanded 
and  laterally  flattened  at  the  base,  which  con- 
sistB  of  a  portion  of  the  leaf  tissue  and  is  darker 
colored  than  the  rest  of  the  prickle,  somewhat 
rounded  or  angular  in  form  and  jagged-edged. 
(Fig.  21,  candd). 

The  prickles  of  horse  nettle  (Solanum  caro- 
lineme)  are  coarser,  4-8  mm.  in  length,  light 
yellow  in  color,  usually  not  darker  at  the  base. 
They  are  produced  on  the  stems  and  the  coarse 
midribs  of  the  leaves,  and  on  breaking  off  have 
t  transversely  flattened  scar.  They  occur  fre- 
quently in  samples  of  Kentuckv-grown  PoajraienxUi  and  are  easily  mistaken  for 
those  of  Canada  thistle.     (KgJ^g^i^^fcJ  "    ^ 

Matured  seeds,  shrive^        *  '  ''' 

thistle  are  frequently  I 

•J 


c  ^^z 

FiQ.  21.— Prickles  often  found  with  blue- 
grass  seed:  a  and  b,  horae  nettle  {Sola- 
nam  carolinense)  enlarged  and  natural 
size;  c  and  d,  Canada  thistle  {Cardwts 
arvenHs)  enlarged  and  natural  size;  1  and 
2,  characteristic  forms  of  the  bases  of 
the  two  kinds  of  prickles. 


),  ana  prickles  'fi^n^yth^vJeaves  and  stems  of  Canada 
^m  ftyaja  bluegrt^  seed.^  Ttke  presence  of  the  prickles 


^^C/SEUV^'^ 
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in  the  more  expensive  kinds  of  bluegrass  seed  indicates  the  probable  use  of  Gtuiw 
bluegrass  seed  as  an  adulterant.    These  prickles  have  been  found,  however,  in  roug 
stalked  meadow  grass  seed  in  which  no  trace  of  Canada  bluegrass  seed  appeare 
Owing  to  the  troublesome  nature  of  Canada  thistle,  care  should  be  taken  not 
introduce  its  seeds  with  those  of  the  bluegrasses. 

Taraxacum  taraxacum  (L.)  Karst. 

DANDELION. 

p  Seeds  (akenes)  3-4  mm.  long,  including  the  pc 

sistent  base  of  the  beak,  which  forms  the  polnti 
^  apex  of  the  seed,  lance -shaped  or  broadly  a 
straight  or  curved,  flattened  or  slightly  foo 
angled  with  similar  faces,  barbed  in  the  uppe 
broader  half;  teeth  directed  toward  the  ape: 
prominent  on  the  edges  and  arranged  in  aboi 
five  rows  on  each  face,  which  has  two  8lend< 
grooves  with  three  rows  of  teeth  between  them;  surface  dull;  color  light  browTi  c 
dark  brown.     (Fig.  22.) 

Occurring  occasionally  in  both  American  and  European  seed,  these  seeds  hav 
appeared  most  frequently  in  Kentucky  bluegrass  and  rough-stalked  meado^ir  gna 

fickcuica 


^? 


Fio.  22.— SeedH  of  dandelion  {Tamxn- 
cum  taraxacum):  a,  ride  views;  h,  nat- 
ural size  of  seeds. 


Matricaria  inodora  L. 


SCENTLESS   CAMOMILE. 


9     \ 


^     % 


Fig.  23.— Seeds  of  Rcentless  camomile 
{Matricaria  inodora):  a,  back,  front,  and 
edge  views;  b,  natural  size  of  seeds. 


Seeds  (akenes)  1^-2  mm.  long,  slender  or 
robust,  oblong  with  obtuse  extremities,  taper- 
ing somewhat  from  the  truncate  apex  to  the 
base,  slightly  flattened;  faces  dissimilar,  one 
having  three  prominent,  longitudinal  ribs 
joined  at  the  apex,  the  lateral  ribs  and  a  partial 
one  joined  to  them  at  the  apex  appearing  on 
the  opposite  face,  which  also  presents  two  small  cavities  separated  by  the  partial 
ridge;  surface  between  the  ridges  transversely  roughened,  dark  brown  or  black  and 
darker  than  the  brown  or  yellowish  ridges.     (Fig.  23. ) 

Found  only  in  foreign -grown  seed,  chiefly  in  rough- 
^^F  stalked  meadow  grass  and  wood  meadow  grass  seeda 


r 


I 


Hieraciuxn  sp. 


HAWK  WEED. 


7   fe^         Seeds  (akenes)  1-3  mm.  long,  cylindrical,  pointed  at 
O  the  base;  apex  truncate,  bearing  a  small  tuft  of  short, 

whitish,  marginal  bristles  (the  remnants  of  the  pappus 
Fig.  24.— vSeeds  of  hawkweed    bristles);   surface   lightly  ten-ridged   lengthwise;  color 
{Hieracium sp.):  a,  ride  views;    brown  or  black,  reddish  in  immature  seeds.     (Fig.  24.) 
6,  natural  size  of  seeds.  Found  most  frequently  in  wood  meadow  grass  seed. 

The  seeds  of  several  species  of  hawkweed,  occurring  in  both  America  and  Europe, 
are  practically  indistinguishable.  Specific  determinations  can  not  be  made  by  exam- 
ination with  a  lens.  The  troublesome  character  of  orange  hawkweed  {Bieracium 
aurantiacum)j  whose  seeds  are  li-lf  mm.  long,  justifies  care  in  the  use  of  seed 
containing  seeds  of  any  species  of  hawkweed. 
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AzLthemiB  cotula  L. 

DOG   FENNEL,  MAYWEED. 

Seeds   (akenes)  cylindrical,    broadly  club-shaped,  H-2  mm.    long,  straight  or 


corred;  eorfaoe  dull  and  usually  roughened  by 
Bonall  tubercles  more  or  less  distmctly 
in  ten  rows,  indistinctly  few-tubercled 
or  neariy  smooth,  but  commonly  more  or  lew 
eridently  ten-ribbed;  base  tipped  by  the  rounded, 
whitish  scar;  apex  rounded  or  slightly  pointed; 
color  varying  from  light  to  dark  brown.  ( Fig.  25. ) 
Found  occasionally,  but  never  abundantly,  in 
both  American  and  European  bluegrass  seed. 


II 


t »« 


i 


Khm 


a 


Fio.  25.~86ed8  of  dog  fenneUAtUhetnU 
ectula) :  a,  gide  views;  b,  natural  alze 
of  seedB. 


•  • 


Chenopodiiun  album  L. 
I/AMb's-quarters,  pigweed. 

Seeds  nearly  circular,  lens-shaped,  with  blunt  eflges,  1-1 J  mm.  in  diameter,  occur- 
rii^  in  commercial  seeds  as  free  seeds  or  as  fruits,  the  seeds  proper  being  invested  by 

the  thin  pericarp;  free  seeds  jet  black,  smooth 
or  nearly  so,  and  highly  polished;  scar  occu- 
pying a  curved  groove  extending  from  the  cen- 
ter to  the  edge  of  one  face  and  usually  evident 
as  a  light-colored  line;   fruits  only  slightly 
larger  than  the  seeds,  mostly  gray  or  black  and 
dull;  pericarp  wall  often  broken  away,  expos- 
ing the  shining  black  surface  of  the  seed;  again, 
this  wall  and  the  seed  coat  are  often  broken, 
exposing  the  yellowish  or  whitish  embryo  and 
endosperm;    embryo  cylindrical,    occupying 
the  border  of  the  seed  and  surrounding  the  endosperm,  its  extremities  almost  meet- 
ing, the  tip  of  the  caulicle  occupying  an  extension  of  the  seed  coat  at  the  edge  beside 
the  scar.     (Fig.  26.) 

Found  chiefly  in  Kentucky  bluegrass  and  Canada 
bluegrass  seeds,  but  not  frequently  and  never  abun- 
dantly. 

Planta^o  lanceolata  L. 


i 


2       a 

?1G.  26. — Seeds  of  lamb's-quartera  {C^enopo- 
dium  cUbum):  a,  varioufl  fOTms  of  seeds;  b, 
nataral  size  of  seeds. 


RIB-ORA8S,  BUCKHORN,  ENGLISH   PLANTAIN. 


b 


Fig.  27.— Seeds  of  rib-grass  {Plan- 
tago  laTiceolata):  a,  front  and  back 
views  of  seeds:  b,  natural  size  of 

seeds. 


Seeds  oval-oblong,  l}-3  mm.  long,  flattened,  one 
face  convex,  the  other  having  a  deep  groove  and 
rounded,,  infolded  edges  which  scarcely  meet  at  one 
end;  surface  smooth  or  slightly  uneven,  shining  in 
fresh  seed,  brown  or  somewhat  amber-colored;  scar 
situated  at  the  center  of  the  grooved  face;  embryo  straight,  in  the  center  of  the 
endosperm,  usually  evident  through  the  somewhat  transparent  endosperm  and  seed 
coat  When  placed  in  water  the  seeds  develop  a  coat  of  transparent  mucilage. 
(Fig.27.) 

Small  seeds  are  found  to  some  extent  in  both  American  and  European  seed;  more 
commonly  in  Kentucky  bluegrass  than  in  Canada  bluegrass  seed. 
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Kumex  crispus  L. 


CURLED   IXX^K. 

Seeds  (akenes)  1^-2}  mm.  long,  triangular  with  equal  faceB  and  broadly  ovate- 
lanceolate;  color  dark  reddish  brown;  surface  smooth,  polished;  apex  acute;  base 
obtuse,  contracted,  and  narrowly  truncate  at  the  scar;  edges  narrowly  margined; 

faces   longitudinally  concave  in   poorly  developed 
A  A  seeds;  true  seed  coat  thin;  embryo  cylindrical,  rest- 

ill^       yMJk  "^  ^       ing  in  the  center  of  one  face  of  liie  endosperm; 

^vr       (i^V        ^    ^^    caulicle  pointing  to  the  base  of  the  akene.     (Fig.  28.) 
y^        y^llj^  ^  Found  occasionally,  especially  in  Kentucky  blne- 

^        Cl^  grass  and  in  Canada  bluegrass  seeds;  small,  impei^ 

Fig.  28.-Seed8  of  curled  dock  (/2u-   fectly  developed  seed  more  commonly  found   than 
wiexcri^tt*):  a.  broad  and  narrow   ^  ^  ^^^      Their    sharply   three-angled, 

forms;  6,  natural  mze  of  seeds.  ,        /      ^  |.,       ,  ,._,.        •  i_      ^,  *  ^i. 

beechnut-Iike  form  distinguishes  them  froni  other 

impurities,  except  one  or  two  other  kinds  of  dock.  The  docks  are  destructive  weeds, 
and  care  should  be  taken  to  prevent  the  sowing  of  their  seeds. 

Kuinex  acetosella  L. 

sheep's  sorrel,  horrbl. 

Seeds  (fruits)  acutely  oval,  three-angled,  with  equal  faces,  1-1}  mm.  long;  repre- 
sented in  commercial  seed  by  the  seed-like  akene  only  or  by  the  akene  covered  by 
the  thin,  closely  fitting  perianth  segments,  which  are  six  in  number,  three  broad 
ones  covering  the  sides  of  the 
akene  and  three  small  ones  cover- 
ing the  angles  at  the  base;  covered 
by  the  perianth,  the  seeds  are 
finely  roughened,  dull,  and  red- 
dish brown;  venation  of  the  three 
broad  secments  evident-  small  ^^'  29.-8eeds  of  sorrel  {Rumex  aceloaeUa):  a,  6,  and  c. 
^  .  '  seed  enveloped  by  the  perianth;  d,  seed  with  perianth 

segments  at  the  basal  angles  often       removed;  e,  natural  size  of  seeds, 
broken  away;  akenes  but  slightly 

smaller  than  when  covered -by  the  perianth,  bluntly  three-angled;  surface  smooth, 
somewhat  polished,  reddish  brown  or  wine  colored,  often  semitranslucent;  angles 
dark  at  the  apex;  internal  structure  essentially  the  same  as  in  Rumex  criaput, 

(Fig.  29.) 
One  of  the  commonest  impurities  in  commercial 

seed,  found  in  all  seed  of  the  cultivated  bluegrasses. 


e 


•  • 


Veronica  arvenaia  L. 


CORN  SPEEDWELL. 


Seeds  }-}  mm.  long,  flattened  and  thin,  more  or 
Pig.  80.-Seeds  of  com  speedwell    ^^ss  regulariy  oval,  plane  or  sometimes  curved  face- 
( Veronica  arveneis) :  a  and  b,  front    wise ;  center  of  the  inner  face  marked  by  the  relatively 
views,  c,  back  view;  d,  natural    lai^e,  raised  chalaza,  which  is  united  by  a  narrow 
size  of  seeds.  ^dge  (the  raphe)  to  the  scar  on  the  edge  of  the 

smaller  extremity  of  the  seed;  external  face  slightly  ridged  longitudinally,  indicat- 
ing the  position  of  the  embryo,  which  is  surrounded  by  the  endosperm;  surfru^doU, 
finely  roughened  by  somewhat  radially-disposed  ridges,  and  reddish  yellow.  (Fig. 
30.) 
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Foand  in  biuegrasB  seed  of  various  species,  esi^ecially  common  in  seed  of  Kentucky 
Matrass.  The  relatively  prominent  chalaza  and  the  radially  uneven  surface  dis- 
tingnish  them  from  the  seed  of  the  closely  allied  Veronica 
peregrina,  which  sometimes  occurs  in  commercial  seed. 

Junctis  tenuis  Willd. 

SLENDER  RUSH.  «_  , 

b  t.*^- 

Seeds  very  minute,  about  }  mm.  long,  broadly  spindle-       ^ 
shaped,  the  extremities  usually  slightly  curved;  surface    Fig.  31  .—^eds  of  slender  rosh 
(as  seen  under  a  lens)   nearly  smooth;   color   reddish       irunctistmnis):  a,KedH  en- 

11  J     t.         *  xu         4.         -A-  u-   u  *•  u  larged;    b,   natural   size   of 

yellow,  darker  at  the  extremities,  which  sometimes  bear       ^^^ 

a  small  white  tissue.     (Fig.  31.) 

Often  quite  abundant  in  poorly  cleaned  Kentucky  bluegrass  seed,  sometimes  cling- 
ing in  bunches  of  several  seeds  each. 


Jimcoides  caznpestre  (L.)  Kuntze. 

FIELD   RUSH. 


^^^          T  Y       #        t  Seeds  1^-1  i  mm.  long,  oval,  not  flattened,  the  ex- 

f    ^  tremities  unequally  pointed,  the  Imsal  extremity  turned 

^  slightly  to  one  side  and  consisting  of  soft  white  or 

O  yellowish  tissue;  a  narrow  and  often  indistinctly  de- 

».^»^<i>i^       u,r        fined  whitish  ridge  extends  from  the  base  to  the  apex; 
Fks.  82.— Seeds  of  field  ruuh  (Jun-    ,     ,       -  ^,  ,      .  ,       j        ,  i^    » 

arideg  campatre):   a,  different    body  Of  the  seed  wine-colored  and  semi  translucent  or 

Ti€w»;  b,  natuzBl  size  of  seeds,    grayish.     (Fig.  32.) 

Found  frequently  in  the  seed  of  wood  meadow 
grssB  and  of  the  Poa  mdelica  of  European  origin. 

Jimcoides  albida  DC 

WOOD  RUSH. 

Seeds  1-li  mm.  long,  narrowly  oval,  not  flattened;  base  without  an  appendage  of 
soft  tissue;  apex  more  acutely  pointed  than  the  base; 
a  distinct  brown  or  reddish  brown  ridge  joins  the  Imse 
and  apex;  body  of  the  seed  reddish  brown  or  wine- 
colored,  often  semitranslucent.     (Fig.  33. )  ^^  ^ 

Found  in  various  species  of  European-grown  blue-       .^^f    ^^1^7  I 

grass  seed.    The  usually  smaller  size,  absence  of  the        -^       1^^^^  D 

basal  appendage,  and  more  distinct  and  constant  red-    „     «„    „    ^     ,        .      ,  , , 
,.  ,        *^*^    -^       ,      .J  <.      J.  X-         •  u    XL  FiG.83.— Seeds  of  wood  rush  (Jun- 

dish-brown  lateral  ndge  serve  to  distinguish  these      coideg albida):  a, diaerent views; 
from  the  seeds  of  Juncoides  campettre.  b,  natural  size  of  seeds. 

Oarex  cephalophora  Muhl. 

OVAL-HEADED  SEDGE. 

Seeds  (akenes)  H-2  mm.  long,  lens-shaped  and  broadly  ovate,  contracted  at  the 
base  and  tipped  at  the  apex  by  a  conical  appendage  (the  base  of  the  style);  surface 
smooth  and  dull;  color  varying  from  light  to  dark  brown;  apical  appendage  often 
broken  away  in  seeds  found  in  commercial  samples;  perigynium  broadly  ovate- 
IsDoeolate,  plano-convex,  the  tapering  extremity  usually  rough-edged  and  notched  at 
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the  apex:  surface  sometimes  slij^htly  grooved  or  ridged  lengthwise,  otherwise  smooth; 
color  varying  from  light  brown  to  greenish  or  dark  brown.     (Fig.  34.) 

Seeds  of  sedge  (Carex)  are  found  in 


a  h 

Fig.  34.— Seeds  of  sedge  ( Carex  eephalophora) :  a,  seedH 
inclosed  by  the  perigynium;  b  and  c,  seeds  with 
perigynium  removed;  d,  natural  size  of  seeds. 


both  American  and  Eordpean  bli 
seed.  Owing  to  the  wide  area  of  their 
production,  the  seeds  of  various  species 
of  Carex  occur  in  commercial  blue- 
grass  seed.  The  seeds  of  Carex.  are 
fruits  (akenes)  and  occur  free  or  in- 
closed within  a  sac-like  covering  (the 
perigynium).  Carex  eephalophora  is 
the  species  most  commonly  found  in 
Kentucky  bluegrass  seed. 


EKGOT  OCCASIONALLY  FOXTND  IN  GOMMEBCIAL 

BLT7EOBASS  SEED. 

Claviceps  purpurea  (Fr. )  Tul. 

ERGOT. 


t 


4 


if 


This  is  a  fungus  growth  affecting  the  grain  (caryopeis)  of 
many  grasses.  It  is  very  common  in  the  seed  of  redtop  and 
other  species  of  Agrostis,  and  occasionally  occurs  in  bluegrass  ^ 
seed.  The  grain  of  the  seed  becomes  elongated,  extending  p,Q  ss.^Ergot  (Cktvi- 
beyond  the  glume  and  palea,  attains  about  twice  the  length  of  ceps purpurea)  afKen- 
the  glume,  and  is  club-shaped,  straight,  or,  more  commonly,  tuck y  bluegrass:  a, en- 
somewhat  curved.  It  is  black,  dull,  and  somewhat  grooved  iwged;  6,  natural  size, 
lengthwise.     (Fig.  35.) 
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LEHER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 
I  Office  of  the  Chief, 

Washington^  D.  6'.,  August  21^  1905. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  The 
Principles  of  Mushroom  Growing  and  Mushroom  Spawn  Making," 
ind  to  recommend  that  it  be  published  as  Bulletin  No.  85  of  the  series 
rf  this  Bureau. 

This  paper  was  prepared  by  Dr.  B.  M.  Duggar,  Professor  of 
Botany  in  the  University  of  Missouri  and  Collaborator  with  the 
Office  of  Vegetable  Pathological  and  Physiological  Investigations  of 
this  Bureau.  Under  the  direction  of  the  Pathologist  and  Physiolo- 
fist.  Doctor  Duggar  has  been  engaged  for  several  years  in  the  inves- 
tigation of  mushroom  culture  in  all  of  its  phases,  and  great  advances 
bave  been  made,  especially  in  the  production  of  purer  and  better 
spawns. 

The  accompanying  illustrations  are  necessary  to  a  complete  under- 
stonding  of  the  text  of  this  bulletin. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


The  bulletin  submitted  herewith  presents  the  results  of  the  work 
up  to  the  present  time  on  the  problems  of  mushroom  culture  and 
spawn  making.  The  first  publication  on  the  subject  from  the  stand- 
point of  pure  culture  was  Bulletin  No.  16  of  the  Bureau  of  Plant 
Industry.  This  was  followed  by  a  Farmers'  Bulletin  (No.  204)  on 
mushroom  culture,  presenting  the  results  of  our  work  for  the  use  of 
the  practical  grower.  As  an  outcome  of  the  work  Doctor  Duggar 
has  already  accomplished,  spawn  of  pure-culture  origin  is  now  being 
produced  on  a  very  large  scale  by  several  growers  and  is  giving  excel- 
lent results.  This  method  enables  the  grower  to  improve  and  main- 
tain the  most  desirable  varieties  of  mushrooms  in  the  same  manner  as 
is  possible  with  other  plants  propagated  from  cuttings  or  buds. 
Information  which  would  enable  a  grower  to  accomplish  this  has  not 
heen  up  to  this  time  available.  The  general  method  of  securing  pure 
cultures  as  here  described  will  enable  the  experimenter  to  cultivate 
spawn  of  other  edible  species  of  mushrooms  in  case  it  should  be  found 
desirable  to  cultivate  them.  The  methods  described  differ  radically 
from  any  hitherto  used.  They  are  of  more  general  application  and 
give  far  better  results. 

For  the  past  three  years  this  work  has  been  carried  on  in  coopera- 
tion with  the  University  of  Missouri,  Doctor  Duggar  having  left  the 
Ifepartment  to  accept  the  professorship  of  botany  in  that  institution. 
We  wish  to  express  our  appreciation  of  the  facilities  furnished  by 
the  university  for  continuing  this  work. 

Albert  F.  Woods, 
Pathologist  and  Physiologist, 

Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Washington,  D.  C,  June  16, 1905. 
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THE  PRINCIPLES  OF  MUSHROOM  GROWING  AND 

MUSHROOM  SPAWN  MAKING 


nrraoBuoTioir. 

For  a  number  of  years  there  has  been  an  increasing  demand  in  the 
United  States  for  information  concerning  mushroom  growing.  In 
the  horticultural  and  agricultural  press  many  individual  practices 
have  been  presented ;  but  in  order  to  give  rational  encouragement  to 
mushroom  growing  in  favorable  sections  of  this  country  it  was  recog- 
nized at  the  outset  of  the  investigations  undertaken  by  the  writer  that 
much  experimental  work  would  be  required.  Bearing  upon  the  cul- 
ture of  Agaricus  campestris^  a  nimiber  of  physiological  questions 
were  demanding  attention,  for  it  was  desirable  to  ascertain  (1)  the 
conditions  of  spore  germination,  in  order  that  "  virgin  "  spawn  might 
be  propagated  and  the  principle  of  selection  attempted;  (2)  the 
relation  of  this  fungus  to  nutrients,  or  a  determination  of  the  sub- 
stances or  compounds  which  might  best  serve  as  food  materials ;  and 
(3)  the  relation  of  the  growing  mycelium  and  of  mushroom  produc- 
tion to  temperature,  moisture,  and  other  conditions  of  the  environ- 
ment. In  the  next  place  it  would  be  necessary  to  determine  the 
application  of  any  physiological  principles  established  to  the  practice 
of  mushroom  growing  and  mushroom  spawn  making. 

In  connection  with  a  presentation  of  the  results  of  the  experimental 
work  *  it  seems  desirable  to  include  also  a  more  or  less  comprehensive 
account  of  the  present  status  of  mushroom  growing  at  home  and 
abroad. 

« Throughout  this  paper  the  writer  has  employed  the  generic  name  Agaricus 
in  the  sense  In  which  it  is  usually  understood  by  those  interested  in  the  practical 
side  of  the  work. 

*  During  1903-4  the  writer  was  assisted  in  the  experimental  work  by  Mr.  A. 
M.  Ferguson,  instructor  in  botany  in  the  University  of  Texas,  at  that  time  special 
agent  of  the  Department  of  Agriculture,  and  during  1904r-5  similar  assistance 
bas  been  rendered  by  Mr.  L.  F.  Childers,  student  assistant.  Through  the  assist- 
ance thus  given  it  has  been  possible  to  complete  an  unusual  amount  of 
experimental  work,  only  a  portion  of  which  can  be  described  in  detail,  although 
it  has  all  been  taken  into  consideration  in  the  conclusions  drawn. 
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It  is  not  possible  at  this  time  to  give  more  than  a  few  brief  sugges- 
tions concerning  the  possibility  of  cultivating  other  edible  species 
than  Agaricus  campestris.  The  determination  of  the  fundamental 
needs  of  diverse  species  will  require  study  during  a  term  of  years, 

GENBHAIi  OOirSIDEBATIOirS. 

The  propagation  of  Agaricus  campestris  does  not  seem  to  have  been 
undertaken  to  any  extent  by  the  ancient  Greeks  or  Romans.  The 
occasional  references  to  mushrooms  in  the  classics  are  very  general, 
as  a  rule,  and  do  not  suggest  that  artificial  propagation  was  attempted. 
In  the  vicinity  of  Paris  Agaricus  campestris  has  been  cultivated  for 
several  centuries,  and  the  plants  have  certainly  been  sold  on  the  open 
market  quite  as  long.<»  It  has  not  been  possible  to  ascertain  whether 
the  methods  now  in  vogue  are  essentially  the  same  as  those  employed 
a  few  centuries  ago.  It  is  very  probable,  however,  that  the  methods 
have  been  gradually  improved.  It  would  appear  that  the  cultivation 
in  caves  is  comparatively  recent.  The  earliest  records  obtainable 
concerning  the  cultivation  of  mushrooms  in  the  underground  quarries 
indicate  that  this  practice  was  not  common  previous  to  the  nineteenth 
century. 

Mushrooms  are  to-day  extensively  grown  in  England  and  France, 
and  to  a  limited  extent  in  Belgium,  in  Germany,  and  in  many  other 
countries.  Paris  remains,  however,  the  center  of  commercial  pro- 
duction. In  the  vicinity  of  that  city  the  culture  of  mushrooms  is  now 
almost  entirely  confined  to  the  underground  limestone  quarries  or 
cement  mines.  The  caves  used  for  this  purpose  are  termed  "  carrieres  ^' 
or  "  champignonieres."  These  caves  may  consist  of  a  labyrinth  of  gal- 
leries, or  halls,  ranging  from  5  to  50  feet  in  width  and  from  5  to  30 
feet  in  height.  In  some  regions  the  earth  is  practically  honey- 
combed by  them,  and  the  extent  of  the  cave  space  used  by  the  larger 
growers  may  be  measured  by  miles.  For  the  most  part  the  ventila- 
ting system  is  perfect,  every  cave  system  possessing  numerous  air 
shafts,  protected  at  the  surface  by  wooden  towers.  Artificial  parti- 
tions in  the  caves  themselves  enable  the  operator  to  control  the  venti- 
lation. Until  recent  times  the  cultural  methods  have  been  more  or 
less  sacredly  guarded  by  the  growers,  and  even  to-day  it  is  not  easy 
to  get  permission  to  make  a  casual  visit  to  the  champignonieres.  In 
many  cases  the  work  has  been  followed  from  generation  to  generation 
within  the  same  family.  There  are  at  present,  however,  large  corpo- 
rations in  control  of  some  of  the  most  famous  caves. 

« In  a  painting  of  the  early  se\'enteenth  century  (that  of  a  Fishmonger's  and 
Poulterer's  Shop,  by  Jordaens  and  Van  Utrecht,  in  the  Gallery  of  Old  Pictures, 
Brussels)  Agaric%L9  campestris  and  Boletus  are  shown  on  sale  as  a  conspicuous 
part  of  a  market  scene. 


MABKET  CONDITIONS.  11 

In  the  United  States  fresh  mushrooms  have  only  recently  been  of 
any  importance  commercially,  although  florists  and  gardeners  ef 
English  and  French  training  have  long  been  successful  growers  on 
a  small  scale.  Nevertheless,  during  the  past  decade  or  so,  the  record 
of  failures  has  been  most  conspicuous,  and  it  is  certain  that  of  the 
many  who  attempted  this  work  only  a  few,  relatively,  were  uniformly 
successful. 

The  conditions  under  which  mushrooms  may  be  successfully  grown 
are  limited,  and  intelligent  attention  is  therefore  essential.  It  must 
be  said,  moreover,  that  the  majority  of  failures  may  be  directly 
traced  to  erroneous  ideas  as  to  the  cultural  requisites,  or  to  a  reckless 
disregard  of  conditions.  The  essential  conditions  will  be  subse- 
quently defined  in  detail,  but  it  may  be  stated  here  that  failures  are 
usually  due  to  one  or  more  of  the  following  causes:  (1)  Poor  spawn; 
(2)  very  poor  manure;  (3)  unfavorable  temperature;  and  (4)  heavy 
watering  during  the  early  stages  of  growth. 

Under  suitable  conditions  mushrooms  may  be  grown  with  assur- 
ance of  success.  Ordinarily  they  are  grown  only  where  the  condi- 
tions may  be  controlled,  and  success  should  therefore  be  invariable. 

MABEBT  OONDinOirS. 

In  the  vicinity  of  Paris  the  mushroom  industry  has  been  remark- 
ably developed  during  the  past  eight  or  ten  years.  The  total  product 
sold  through  the  central  market  of  Paris  in  1898  was  nearly  4,000,000 
pounds;  the  quantity  for  1900  is  given  as  approximately  8,500,000 
pounds,  and  for  1901  nearly  10,000,000  pounds.  These  figures  show 
most  convincingly  the  present  status  of  the  mushroom  industry  in 
France.  It  may  be  safely  assumed  that  more  than  one-third  of  this 
quantity  is  consumed  in  a  fresh  state  in  and  about  the  city.  The 
growth  of  the  canning  industry  during  this  period  has  also  been 
]*emarkable.  In  1898  about  1,800,000  pounds  were  preserved,  while  in 
1901  the  canned  product  amounted  to  nearly  6,200,000  pounds.  Dur- 
ing 1901  the  approximate  monthly  production  of  mushrooms  ranged 
from  651,000  pounds  to  985,000  pounds,  from  which  it  is  evident  that 
these  caves  yield  heavily  throughout  the  year.  In  some  instances 
growers  are  able  to  get  a  crop  every  four  or  five  months. 

It  is  extremely  difficult  to  estimate  the  quantity  of  mushrooms 
grown  in  the  United  States.  It  is  certain,  however,  that  the  produc- 
tion has  increased  very  greatly,  and  particularly  within  the  last  four 
or  five  years.  In  the  vicinity,  of  several  of  our  larger  cities  there  are 
to-day  individual  growers  who  produce  more  than  the  total  commer- 
cial output  in  the  neighborhood  of  those  cities  ten  years  ago. 

There  is  now  a  very  good  open  market  for  fresh  mushrooms  in  a 
few  of  the  larger  cities,  although  many  large  growers  continue  to 
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sell  entirely  by  contract  or  by  special  orders  to  hotels  and  restaurants. 
With  such  an  enormous  comparative  consumption  of  the  canned 
product,  theare  i»  ev^ry  reason  to  believe  that  fresh  mushrooms  can 
be  sold  in  much  greater  quantity  as  soon  as  this  product  becomes  a 
certain  factor  in  the  market.  With  canning  factories  to  take  the 
surplus  product,  growers  could  afford  to  accept  a  smaller  margin  of 
profit,  and  this  would  place  mushrooms  within  reach  of  many  who 
may  not  be  able  to  purchase  them  at  present  average  prices.  Agaricus 
campestris  and  its  varieties  and  allied  species  are  perhaps  the  only 
fresh  mushrooms  commonly  salable  in  the  markets  of  American 
cities.  Throughout  practically  the  whole  of  Europe  several  other 
species  are  legitimate  market  products.  The  more  delicate  or  fleshy 
forms  of  the  latter  are  sold  as  fresh  mushrooms;  others  are  dried, 
and  some  of  these,  being  tougher,  are  used  only  for  soups,  sauces,  and 
gravies.  Besides  the  various  species  of  truffle  and  morel,  any  special 
mention  of  which  will  be  omitted  here,  the  French  market  to-day 
legalizes  the  sale  of  five  or  six  other  species  of  mushrooms. 

GEBMINATIGir  STT7DIES. 

Review  of  earlier  work. — In  a  small  way  the  germination  of  the 
spores  of  Basidiomycetes  has  received  attention  from  the  earliest 
times.  A  complete  historical  review  of  the  literature  dealing  with 
spore  germination  will  be  found  in  Bulletin  No.  16  of  the  Bureau  of 
Plant  Industry.  It  will  be  seen  that  most  of  the  early  work  fur- 
nishes only  incidental  references  to  spore  germination.  By  far  the 
most  important  contributions  made  by  early  workers  to  this  particu- 
lar subject  were  several  papers  by  Hoffmann.**  It  is  not  to  be  expected 
that  the  method  employed  by  him  would  yield  accurate  results. 
Nevertheless,  the  work  of  Hoffmann  is  comprehensive  for  that  time. 
Brefeld,^  in  his  extensive  reports  upon  the  Basidiomycetes,  gives  the 
results  of  germination  studies  with  a- large  number  of  the  fleshy  fungi. 
More  than  200  species  were  used  in  his  various  experiments,  and  suc- 
cessful germination  is  recorded  for  about  160  species. 

In  1898  the  writer  became  interested  in  some  attempts  to  germinate 
the  spores  of  certain  Basidiomycetes.  Subsequently  the  problem 
received  incidental  attention  in  connection  with  some  general  studies 
on  the  physiology  of  spore  germination.^'    The  work  progressed  only 

a  Hoffmann.  11.  Ueber  PUzkeimungen.  Botan.  Zeitg.,  19:201>-214.  217-219. 
1859.  Beitrftge  zur  Entwickelungsgeschichte  und  Anatomie  der  Agarioineen. 
Botan.  Zeitg.,  18:389-395,  397-404.  18<)0.  v  Untersuchungen  fiber  die  Keimung 
der  Pilzsporen.    Jahrb.  f.  wlss.  Botanik,  2 :  267-337.    1860. 

6  Brefeld,  O.  Botanische  Untersuchungen  tiber  Schimmelpllze.  Basidiomy- 
ceten,  I,  Bd.  I,  H.  3.  1877.  Untersuch.  a.  d.  Gesammtgebiete  der  Mykologia 
Basldiomyceten,  II,  H.  7 ;  III,  H.  8.     1888-«9. 

<•  Duggar.  B.  M.  Physiological  Studies  with  Reference  to  the  Germination  of 
Certain  Fungous  Spores.    Bot  Gaz.,  31 :  38-06. 
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far  enough  to  suggest  that  an  investigation  of  the  factors  influencing 
germination  might  yield  studies  of  special  interest.  During  1900- 
1901  Dr.  Margaret  C.  Ferguson  undertook  a  systematic  investiga- 
tion of  the  relation  of  stimuli  to  germination  in  certain  species. 
The  results"  have  made  it  evident  that  the  problems  involved  are 
not  the  well-known  simple  nutrient  or  physical  factors.  Miss  Fer- 
guson spent  much  time  in  experimenting  with  a  great  variety  of 
nutrient  media  and  special  stimuli.  Several  thousand  cultures  were 
made.  In  the  majority  of  these  cultures  Agaricua  campeatrh  was 
used,  and  it  is  shown  that  from  the  known  ecological  relationships 
of  this  fungus  one  could  not  possibly  predicate  the  probable  stimulus 
for  germination.  In  fact,  with  no  known  nutrient  medium  or  si)ecial 
chemical  stimulus  employed,  was  there  anything  more  than  erratic 
germination.  Nevertheless,  the  work  was  finally  very  successful 
in  the  discovery  that  almost  a  perfect  percentage  of  germination 
could  be  secured  by  the  influence  of  the  living  hyphse  of  Agaricm 
campestris  upon  the  spores,  as  announced  in  the  statement  that  "  if 
a  few  spores  are  able  to  germinate  under  the  cultural  conditions, 
or  if  a  bit  of  the  mycelium  of  Agarieus  campeatris  be  introduced  into 
the  culture,  the  growth  resulting  will  in  either  case  cause  or  make 
possible  the  germination  of  nearly  all  the  spores  of  the  culture,  pro- 
vided, of  course,  that  the  other  conditions  are  not  such  as  to  inhibit 
germination." 

The  stimulus  would  seem  to  be  of  enzymatic  nature.  No  other 
mycelium  tested  produced  a  similar  effect.  This  was  a  distinct 
advance  in  our  knowledge  of  factors  influencing  germination.  The 
stimulus,  however,  could  only  be  looked  upon  as  perhaps  a  substitu- 
tion stimulus.  It  did  not  seem  possible  that  it  could  obtain  in  nature, 
nor  could  it  be  looked  upon  as  wholly  satisfactory  from  a  practical 
point  of  view. 

Miss  Ferguson's  results  offered  encouragement;  but,  nevertheless, 
the  problems  with  AgaiHcus  campeHtri^  and  related  species  were  left 
open  for  further  investigation.  It  should,  perhaps,  l)e  emphasized 
that  prior  to  1902  no  method  had  been  published,  so  far  as  can  1x3 
learned,  whereby  one  might  be  able  to  obtain  with  uniformity  the 
germination  of  Agarieus  campestris.  It  is  quite  certain  that  Chev- 
reul  and  others  obtained  at  best  only  erratic  results.  Nevertheless, 
as  early  as  1893  Costantin  and  Matruchot  ^  announced  that  a  method 
had  been  developed  by  them  wherebj^  they  were  able  to  germinate  the 

«  Ferjnison,  M.  C.  A  Preliminary  Study  of  the  Germination  of  tlie  Spores  of 
Agarieus  Campestris  and  Otlier  Basidiomycetous  Fungi.  Bulletin  No.  16,  Bu- 
reau of  Plant  Industry,  IT.  S.  Dept.  Agriculture,  pp.  1-43.     1002. 

*  Costantin  and  Matruchot.  Nouveau  procMi^  de  culture  du  champignon  de 
coQche.  Compt.  Rend,  de  TAcad.  des  Sol.,  117  (2)  :  70-72.  (Compare,  also, 
Bui.  Boa  de  Biol.,  2  December,  1883.) 
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spores  and  to  grow  in  piire  culture  the  mycelium  of  Agarieus  camr- 
pestris.  Information  concerning  the  details  of  the  method  employed 
was  avoided  in  the  reports  of  this  announcement  and  in  subsequent 
references  to  the  process.^  In  the  first  announcement  the  method  is 
stated  as  follows : 

Method  followed. — ^The  spores  are  coUected  free  from  contaminations,  and 
in  order  to  preserve  them  in  that  condition  are  sown  on  a  certain  sterilised 
nutritive  medium.  We  obtain  In  this  manner  a  twisted  mycelium  which  con- 
stitutes pure  spawn.  By  repeated  cultures  on  an  identical  substratum  the 
spawn  can  he  multiplied  indefinitely,  and  is  transferred  at  a  proper  time  to 
sterilized  manure,  where  it  develops  abundantly  in  several  weeks.  At  that 
stagcf  it  possesses  the  characteristic  appearance  and  odor  of  natural  spawn. 
It  can  then  be  sown  in  a  bed  of  ordinary  manure,  to  which  it  adheres  and  where 
it  grows  and  fruits  normally. 

In  the  later  paper  cited,  writing  of  the  recent  improvements  in 
mushroom  culture,  Costantin  expresses  himself  as  follows : 

We  have  succeeded  In  manufacturing  an  artificial  spawn  obtained  from  the 
spore  germinated  on  a  medium  free  from  contamination.  It  is  then  pure 
spawn.    We  can  state  further  that  it  is  virgin  spawn. 

In  1897  Repin  ^  claimed  to  have  independently  arrived  at  results 
similar  to  those  obtained  by  Costantin  and  Matruchot.  Concerning 
his  germination  studies  he  says : 

It  Is  only  recently  that  the  study  of  this  question  has  been  renewed,  inde- 
pendently and  simultaneously  by  Costantin  and  Matruchot. 

There  is  nothing  unusual  In  the  germination  of  the  spores  of  Agarlcus. 
Spores  can  be  germinated  on  media  such  as  used  in  bacteriology,  on  wet  sand, 
or  In  moist  air  as  well  as  on  manure.  Without  doubt  germination  is  not  pro- 
duced  with  the  same  spontaneity  and  rapidity  as  in  the  case  of  the  spores  of 
lower  fungi,  which  fact  malces  it  necessary  to  promote  the  process  by  some 
artifices,  but  they  are  only  sleight-of-hand  tricks,  variable  according  to  the 
operators,  and  which  are  acquired  after  some  unsuccessful  attempts.  The 
spores  whlcli  should  germinate  (and  these  are  always  in  the  minority)  begin 
l)y  swelling.  This  very  simple  method  makes  It  possible  to  obtain  virgin 
spawn  at  pleasure.  It  Is  applied  industrially  in  the  manufacture  of  spawn  of 
Agaricus  from  cultures  which  I  have  made. 

So  far  as  the  writer  has  been  able  to  ascertain,  therefore,  no  descrip- 
tion of  the  method  employed  by  the  above  writers  is  to  be  found.  The 
report  of  Miss  Ferguson's  work  is  accordingly  the  only  available 
scientific  record  defining  the  conditions  under  which  germination 
had  been  constantly  obtained  up  to  this  time. 

Experimental  work, — The  writer  has  been  able  to  confirm  Miss  Fer- 
guson's work  repeatedly,  and  at  the  same  time  numerous  series  of 
experiments  have  been  made  to  test  further  the  possibility  of  influenc- 

«  C'onstantin.  J.  La  culture  du  champignon  de  couche  et  ses  recent  perfection- 
nements.     Extrait  du  Revue  Sdentlflque.     April,  1894. 

*U(^pln.  C.  I^  blanc  vlerge  de  semis  pour  la  culture  du  champignon  de 
couche.    Revue  G^^n^rale  des  Sciences.    (Septeml)er  15,  1807.) 
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ing  germination  by  chemical  stimuli.  In  distilled  water,  on  the  one 
hand,  and  in  plant  decoctions  (such  as  decoctions  of  beans,  sugar 
beets,  mushrooms,  potatoes,  etc.)  and  in  bouillon,  on  the  other  hand, 
there  have  been  tested  a  large  number  of  inorganic  and  organic  salts, 
carbohydrates,  nitrogenous  compounds,  and  active  enzymes. 

The  results  of  one  series  of  experiments  are  tabulated  in  detail. 
In  general,  it  has  been  found  that  dulcite,  monobasic  magnesium 
phosphate,  magnesium  phosphite,  magnesium  potassium  ammonium 
phosphate,  ammonium  molybdate,  magnesium  lactophosphate,  dibasic 
calcium  phosphate,  and  other  salts,  aspecially  phosphates,  have  in  one 
medium  or  another  been  more  or  less  effective  as  stimuli  for  germina- 
tion. Unfortunately,  none  of  the  substances  mentioned,  apparently, 
are  very  strong  stimuli ;  they  are  unable  to  cause  invariable  germina- 
tion in  all  nutrient  media.  Moreover,  in  subsequent  series,  where  the 
conditions  have  been  the  same,  within  experimental  possibilities, 
wholly  analogous  results  have  not  always  been  obtained.  Xo  account 
has  been  taken,  however,  of  the  particular  variety  of  Agaricus  cam- 
pestris  from  which  the  spores  were  obtained,  and  it  may  be  that  this 
will  influence  the  results. 

It  is  to  be  noted  from  the  following  table  that  Miss  Ferguson's 
method  of  employing  living  bits  of  mycelium  was  modified  by  the  use 
of  small  pieces  of  the  inner  tissue  of  a  young  mushroom  taken  under 
sterile  conditions.  It  was  found  that  often  a  new  growth  of  mycelium 
was  developed  from  this  tissue.  Whenever  this  growth  appeared, 
the  influence  upon  spores  in  the  drop  culture  was,  as  might  be 
expected,  the  same  as  had  been  demonstrated  for  the  living  mycelium. 
Frequently  a  few  spores  germinated  within  from  three  to  five  days. 
The  most  interesting  conclusion,  however,  which  could  be  drawn  from 
the  cultures  in  which  small  bits  of  tissue  were  used  was  the  following: 
Under  favorable  conditions  a  small  piece  of  the  inner  growing  tissue 
of  a  mushroom  is  capable  of  producing  a  mycelium  with  great  readi- 
ness. This  fact  has  been  utilized,  as  shown  in  detail  later,  in  the 
development  of  a  new  and  effective  method  of  securing  pure  cultures 
of  fleshy  fungi  in  general. 

Table  I. — Extent  of  germination. 


1 

No.   '                        Media. 

After  3  days. 

After  5  days. 

1 

2 
3 

4 

TMcHllAil  ^rmtei* 

fa— A  spores 

As  before. 

BovillOD ._-.,.,., 

\b — None 

Do. 

None 

None. 

\  ppr  rwit  KHjPOi 

do 

i>o. 

k  ver  cent  JUI1PU4  in  boollion . . . 

do 

Do. 

6 

i  pernflntKirfp^^i-..  , , 

do 

Do. 

6 

I  her  cent  K9HPO4  In  bouillon . . . 

do 

Do. 

7 

^  per  cent  NafHP04 

do 

Do. 

8 

i  per  cent  Na^HP04  in  bouillon. . 

do 

Do. 

Q 

i  per  cent  (NS4)iilP04 

do 

Do. 

10 

i  jMo-  oent  (NHS^POi  in  bon- 

do 

Do. 

632&— No.  8&--06  m 
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Table  I. — Extent  of  germination — Ck)iitmned. 


11 

12 

13 
14 

15 
16 

17 
18 

19 
20 

21 

22 

23 
24 
25 
26 

27 
28 

20 

ao 

81 

82 

83 

84 
85 

86 

37 

88 

89 

40 

41 
42 

43 


per  cent  MgH4(PO^)t lOspo 

per  cent  MgEU(P04)x  with  boa-  i/o— Is] 
lUon. 

per  cent  MgHP04 None 


res .. 

spore. 

16— None... 


per  cent  MgHP04  in  bonillon 


per  cent  Mg(NH4)P04 

per  cent  Mir(NH4)P04  In  bou 

illon. 

per  cent  MgK  (NBUiPQi 

percent  MgK(NH4)Hs(P04)3 

Donillon. 

per  cent  (NH4)iC4H40s 


in 


a — 10  spores 

None 

2  spores 


Few  spores 
.....do 


f<»— None 

t6— None. 

10  spores 


per  cent  (NH4)sC4H40«  in  bou- 
illon. 

per  cent  magnesium  lactophoe-  , do 

phate.  ' 

per  cent  magnesium  lactophos-  , do 

phate  in  bouillon. 

per  cent  CajHsCPOi). 

per  cent  OajH«(P04)i  in  bouillon 

per  cent  KChO« 

I)er  cent  MgHPOg 

per  cent  MgHPOa  in  bouillon . . 
per  cent  MgK(NH4)H9(P04)s 
in  mushroom  decoction, 
per  cent  KH«P04  in  mushroom 
decoction. 

I)er  cent  KaHP04  in  mushroom 
decoction. 

per  cent  NazHP04  in  mush- 
room decoction. 
per  cent  (NH4)2HP04  in  mush- 
room decoction, 
per  cent  M^HP04  in  mush- 
room decoction. 

...do 

percentMg(NH4)P04in  mush- 
room decoction, 
per  cent  ( NHi  )sC4H40«  in  mush- 
room decoction, 
per  cent  magnesium  lactophos- 
phate  in  mujshroom  decoction, 
per  cent  Ca2H«(P04)2  in  mush- 
room decoction. 


None 

10  spores 

None 

10  spores 

....do 

....do 

None 

....do 

Few  spores . 

1  or  2  spores 

Few  spores  . 


10-60  per  cent . 
Few  En;x>re8. . . 


2  per  cent . . 

10  spores 

5-8  per  cent . 
2-3  i)er  cent 


Ssr  cent  KCHOs  in  mushroom 
ecoction. 

^m^dSL'tg,?^'  *"  ""^-  jl^  per  cent 

Decoction  of  mushrooms {"zf  g^J  S^Vres 

Llvinff  tissue  of  mushroom  in 
usnroom  decoction. 


mi 


o— Pew  spo 
6— None  o . 


reso 


.do 


ia — Pew  spores o. 
16— Noneo 


AfterSdajTB. 


50  per  cent. 

3  per  cent. 

None, 
r       Do. 
\1  per  cent. 

€(erminated  spores  badly 
injured. 

None. 

As  before;  injured. 

5  per  cent. 
Do. 

Few  spores. 

10  per  cent. 

As  before;  injured. 

5-10  per  cent. 

2-5  per  cent. 

1-2  per  cent. 
Injured. 
1-2  per  cent. 
10-60  per  cent 

1  per  cent. 
1-2  per  cent. 

None. 

Do. 

Injured. 

Fewiqx»''es. 

2-5  ];>er  cent. 

10-20  per  cent. 
Oontaminated. 

Ck>ntaminated;     50    per 

cent,  but  injured. 
8-5  per  cent;  mjnred. 

10  per  cent. 

10-20  per  cent. 

fa— 5  per  cent. 
\b— Contaminated 

2  per  cent. 
1-2  per  cent. 
12  spores. 

As  before. 
None. 


«  In  this  cell  the  tissue  developed  a  new  growth. 
^  No  growth  from  tissue  introduced. 


On  account  of  the  fact  that  magnesium  phosphite  and  magnesium 
potassium  ammonium  phosphate  had  in  most  cases  proved  to  be 
stimuli  for  germination,  experiments  were  next  made  to  determine 
the  efficiency  of  these  salts  on  various  media,  as  indicated  in  the 
table  on  the  following  page. 
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Table  II. — Efficiency  of  salts  on  various  media. 


Nfttore  of  compost. 


Well-rotted    stable 

Do.* 

Balf-rotted    stable 
iiianiii«.a 
Do.* 


Appearance  after  26  days.  I  Nature  of  compost,  i  Appearance  after  25  days. 


Prsahstiableiiuuiiirea 
Do.» 


Well-rotted  cow  ma- 
inixe.a 


No  growth. 

Fine  nowtb. 

One,  fair  growth:  one, 

good  growth. 
No  growth. 

One,  sood  growth;  one, 

slight  growth. 
One,  good  growth;  one, 

fine  growth. 
One,  good  growth;  one, 

slight  growth. 


Well-rotted  cow  ma-  Good  growth, 
nnre.ft 

Peaty  mold  « No  growth. 

Do.6 1         Do. 

Maryland  peato Do. 

Do.fr Do. 

Well-rotted  Ginkgo  Do. 

leaf  mold,  a 

Do.fr Do. 

Cotton-seed  motesa.  I  One,  no  growth;  one,  fine 

rth. 


Do.fr 


^fTOW 

Fme  growth. 


*  Watered  with  concentrated  solution  of  magnesium  phosphite. 

*  Watered  with  strong  solution  of  magnesium  potassium  ammonium  phosphate. 

Large  test  tubes  were  used  in  these  experiments,  and  duplicate 
cultures  were  made  in  every  instance.  From  these  and  from  numer- 
ous  other  cultures  it  was  ascertained  that  germination  could  not  Ik» 
obtained  invariably,  even  on  favorable  media  and  under  pure-culture 
conditions,  by  the  use  of  these  partial  stimuli.  Nevertheless,  the 
percentage  of  failures  has  usually  been  small.  By  means  of  the 
stimulus  given  by  magnesium  phosphite  it  has  also  been  possible  to 
get  growth  from  the  spores  in  test-tube  cultures  with  gray  filter 
paper  as  the  solid  substratum  and  various  plant  decoctions  and  cul- 
ture solutions  as  the  nutrients.  Details  of  these  results,  however, 
may  be  omitted. 

In  many  cases  it  has  been  possible  to  obtain  growth  from  the 
spores  by  the  use  of  the  stimulating  salts  which  have  been  mentioned 
in  connection  with  the  germination  studies.  Where  it  is  desired  to 
make  experiments  along  this  line  the  writer  has  found  it  more 
practicable  to  use  spores  from  a  mushroom  as  young  as  possible. 
If  one  takes  a  mushroom  just  at  the  time  that  the  veil  is  breaking, 
inoculations  may  be  readily  made  from  the  spores  and  few  contami- 
nations will  result.  In  this  case,  by  means  of  a  sterile  needle,  or 
scalpel,  a  few  spores  may  be  removed  from  the  spore-bearing,  or 
gill,  surface  and  these  may  be  transferred  to  the  tubes  in  the  same 
way  as  were  bits  of  the  fresh  tissue.  It  is  also  possible  to  secure  a 
spore  print  from  a  mushroom  the  gill  surface  of  which  has  not  been 
exposed  to  germs  of  the  atmosphere.  In  the  latter  case  it  is  desir- 
able to  remove  stem  and  partial  veil,  peel  off  the  incurved  edges  of 
the  cap  which  have  been  in  contact  with  the  soil,  and  place  the  cap, 
gill  surface  downward,  in  a  sterilized  dish  or  on  sterile  paper.  If 
this  is  then  kept  free  from  dust,  a  spore  print  may  lx»  obtained,  which 
should  not  be  contaminated  by  foreign  germs.  This  print  may  then 
be  used  in  making  a  large  number  of  spore  cultures. 

Experiments  were  also  made  in  which  pots. of  unsterile  composts 
and  manures  were  inoculated,  on  the  one  hand,  with  spores,  and,  on 
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the  other  hand,  for  control  purposes,  with  spawn  from  pure  cultures. 
The  duration  of  the  experiments  was  two  months.  Some  of  these 
pots  were  watered  with  a  mineral  nutrient  solution  including  as  one 
constituent  magnesium  phosphite,  designated  X,  others  with  the  same 
solution  to  which  was  also  added  a  small  quantity  of  dried  blood, 
designated  F,  and  the  remainder  with  pure  water.  The  results  are 
tabulated  as  follows: 

Table  III. — Extent  of  growth  of  spores  and  spatcfh  in  pots. 


Spores 
Spores 
Spawn 
Spawn 
Spawn 


Cattle  ma-  7^  »J!?1® 


nure,  old. 


fa— Good  . 
16— None., 
fa— Ckx)d  . 
[b—  Do. 
fo^-Slixht 
16—  Do. 
fa— None  . 

-  Do. 
fa— None  . 

-  Do. 


mannre 
and  sand. 


Stable 
manure. 


None Slight.... 

do do 

Very  good do 

ao do  — 

Slight ,  None 

do ,  Slight.... 

None Gkjod 


do 
SUgbt 


Slight, 
do 


do I  None. 


Old  stable 

manure 

and  sand. 


Old  stable 
manure. 


None None.. 

do do.. 

do do.. 

.do do.. 


.do 
.do 
.do 
do 
.do 
do 


do 

'....do 
....do 
....do 
do 


I 


Fertiliser. 


r. 

Y. 
X. 
X. 
F. 
F. 
X. 
X. 

None. 
Do. 


TIBST7E  OTTLTURES. 


The  suggestion  which  had  presented  itself  of  using  bits  of  living 
tissue  from  a  sporophore  instead  of  spores  seemed  also,  from  general 
observations,  to  be  of  sufficient  importance  to  warrant  a  thorough 
trial.  During  moist  weather,  or  in  a  moist  cellar  where  mushrooms 
are  being  grown,  one  will  frequently  find  that  an  injury  in  a  young 
mushroom  is  rapidly  healed  by  a  growth  of  hyphse  from  the  edges 
of  the  injured  area.  The  same  thing  had  been  noted  in  the  open  in 
the  case  of  puffballs.  In  many  instances,  moreover,  pure  cultures 
of  fungi  in  other  groups  have  been  obtained  by  the  use  of  small  bits 
of  a  sclerotial  mass  of  tissue.  Accordingly,  a  young  sporophore  of 
Agaricxis  campestris  was  obtained,  and  after  breaking  it  open  longi- 
tudinally a  number  of  pieces  of  tissue  from  within  were  carefully 
removed  with  a  sterile  scalpel  to  a  sterile  Petri  dish.  A  number  of 
cultures  were  then  made  by  this  tissue-culture  method  on  a  variety 
of  nutrient  media,  such  as  bean  pods,  manure,  leaf  mold,  etc.  From 
this  and  from  numerous  other  similar  tests  it  was  ascertained  that 
when  the  mushrooms,  from  which  the  nocules  of  tissue  are  taken, 
are  young  and  healthy,  there  is  seldom  an  instance  in  which  growth 
does  not  result.  It  was  easily  shown  that  failure  to  grow  was  gen- 
erally due  to  the  advanced  age  of  the  mushroom  used,  to  an  unfavor- 
able medium,  or  to  bacterial  contamination. 

The  first  successful  pure  cultures  were  made  by  this  method  during 
the  early  spring  of  1902  from  mushrooms  grown  indoors.    During 
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the  following  summer,  or  as  other  fleshy  fungi  appeared  in  the  open, 
cultures  were  made  from  other  forms  in  order  to  determine  the 
general  applicability  of  the  method.  The  experiments  were  success- 
ful in  most  cases,  although  it  was  found  almost  impossible  to  obtain 
certain  species  of  fungi  in  a  condition  young  enough  to  be  free  from 
bacterial  infestation.  In  general,  the  method  seemed  to  commend 
iLself  strongly  as  a  means  of  procuring  pure  cultures  of  desirable 
edible  species,  particularly  of  those  species  the  spores  of  which  could 
not  be  obtained  pure  or  which  could  not  be  readily  germinated. 

During  the  two  subsequent  seasons  this  method  has  been  employed 
with  a  great  variety  of  fungi  representing  many  natural  orders.  No 
systematic  endeavor  has  been  made  to  determine  the  limitations  of 
the  tissue-culture  method  as  applied  to  Basidiomycetes,  but,  inci- 
dental to  the  general  studies,  cultures  have  been  made  from  forms 
differing  very  widely,  not  only  in  relationship  but  also  in  texture  and 
in  habitat. 

In  all  there  is  a  record  of  69  species  having  been  tested  upon  one 
or  another  medium.  In  a  few  cases  the  cultures  have  invariably  been 
contaminated,  and  it  is  to  be  supposed,  perhaps,  that  the  plants  were 
collected  in  a  condition  too  old  for  the  purpose  in  hand.  In  only 
about  ten  forms  has  it  seemed  that  there  is  no  evident  reason  for  the 
failure  to  develop  mycelium.  Of  the  remainder  fully  40  have  grown 
promptly  on  the  media  employed.  The  table  following  indicates  the 
names  of  the  species  employed  and  the  results  obtained.  It  must  be 
said,  however,  that  cultures  of  a  number  of  species  were  made  of 
which  no  record  was  kept;  among  these,  also,  some  grew  and  some 
failed. 

Tabi£  IV. — Results  obtained  from  different  species. 


Fongiis. 


Agarlciu  arvensis 

AgaricTU  ancnutus 

Agaiions   campestris   (varioos 
varletieB). 

Agaricnsfkbaoeus 

Asaricns  fabacens  var 

Agaricvsplacomyoea 

Agarieas  YiUaticbs 

Amanita  frostlana 

Amanita  muflcaiia 

Amanita  Tema 

Amanitopsis  yaginata 

ArmUlana  meliea 

BoletlniisporoBiis 

Bolettiafelieiis 

Boletiismiiiiato-violaceiis 

Boletafl  peckii 

Borlstellaohieiins 

Galratia  craniiformis 

Galvatia  cyathiforme 

CUtratiarabro-flava 

Cantharellna  cibarlnB 

Clavaria  formoea 


Num- 
ber of 
cqI- 
tnres.o 


Few. 

1 

oc 

oc 
oc 

1 

Pew. 
1 
2 
2 
2 
oc 
2 
2 
1 
2 

Pew. 

Pew. 
oc 

Pew. 
1 
1 


Snbetratmn. 


Beans,  manure,  leaves,  etc 

Beans 

Beans,  manure,  leaves,  etc 

do 

do 

Beans 

Manure,  leaves,  etc 

Leaves 

Beans 

do 

do 

Beans,  leaves,  dead  wood,  etc. 

Beans 

do 

do 

do 

Beans,  leaves,  etc 

do 

Beans,  leaves,  soil,  etc 

Beans,  leaves,  etc 

Beans 

do 


Result. 


Rapid  growth. 
Contaminated. 
Rapid  growth. 

Do. 

Do. 
Some  growth. 
Rapid  growth. 
Contaminated. 

Do. 

Do. 

Do. 
Rapid  growth. 
Slow  growth. 
No  growth. 

Do. 
Contaminated. 
Rapid  growth. 

Do. 

Do. 

Do. 
No  growth. 

Do. 


aoc  indicates  an  indefinite  nu'nber. 
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Table  IV. — Results  obtained  from  difterefit  species — Continued. 


Fnngns. 


Clitocybe  illndens 

Glitocybe  sp.? 

Glitopilus  pruzmlus 

Collybia  pLatyphylla 

CoUybia  radicata 

Collybia  velutipes 

Ck>prini]a  atramentarius . 

Ck>prinas  comatns 

Goprinus  flmetariiis 

Coprinus  micaceus 

Cortinariiis  armillattiB . . . 

Oortinarius  castaneus 

Cortinarius  sp.? 

Daedalia  quercina 

Hydnum  caput  medusae. 

Hydnnm  coralloides 

Hydnnm  erinacemn 

Lactarins  corrugis  (?) 

Lactarius  piperatus 

Lactarins  volemus 

Do 

Lepiota  americana 

Lepiota  morgani 

Lepiota  procera 

Lepiota  rhacodes 

Lycoperdon  gexxLmatum . 

Lycoperdon  wrightii 

Morcnella  esculenta 

Pluteus  cervinus 

Plenrotas  ostreatns  1 

Pleurotns  ulmariuB 

Pholiota  adiposa 

Polyiwrus  betulinus 

Polyporns  intybaceus 

Polyportis  sulphureus 

Polystictns  cinnabarinus 

Russula  adnata 

Bnssnla  emetica 


Num- 
ber of 
cul- 
tures. 


Substratum. 


Russula  sp 

Russula  sordida 

Russula  virescens 

Secotium  acuminatum 

Strobilomyces  strobilaceus 

Strophariasp 

Tremella  mycetophlla 

Tricholoma  personatum 

Tricholoma  russula 


2 

2 

Pew. 

1 

Few. 

1 

oc 

oc 

Pew. 

oc 

1 
1 

Pew. 

Pew. 
1 
2 
2 

Pew. 

oc 
1 

oc 

1 

2 

oc 

Pew. 

2 

1 

2 

Pew. 

oc 

1 
1 
1 
1 

2 

fi 

oc 

Pew. 
1 

Pew. 
2 
1 
1 
1 
1 
2 


Beans 

do 

Beans,  manure,  etc 

Beans 

do 

do 

Beans,  leaves,  manure,  etc. 
Beans,  manure,  leaves,  etc. 

Beans,  leaves 

Beans,  leaves,  manure,  etc. 

Beans 

do 

Beans,  leaves,  manure 

Beans,  leaves,  manure,  etc. 

Beans 

do 

do 

Beans  and  leaves 

do 

Acid  beans 

Beans 

do 

do 

Beans,  leav^,  etc 

do 

Beans 

Sod 


Besnlt. 


Beans  and  leaves 

do 

Beans,  leaves,  manure,  etc. 

Beans 

Beans  and  leaves 

Beans 

do 

Beans  and  leaves 

do 

Beans 

Beans,  etc 


Beans 
do 


do 

do 

do 

do 

do 

Beans  and  manure 
Beans  and  leaves . . 


Some  growth. 
Rapid  growth. 
Some  grew  well. 
No  growth. 
GKxkL  growth. 

Do. 
Rapid  growth. 

Do. 

Do. 

Do. 
Contaminated. 

Do. 
Good  growth. 
Rapid  growth. 
Good  growth. 

Do. 

Do. 
Slight  growth,  one. 
No  growth. 
Some  growth. 
"No  growth. 

Do. 
Some  growtii. 
Rapid  growth. 

Do. 
Good  growth. 

Do. 

Do. 
Some  growth. 
Rapid  growth. 

Do. 
No  growth. 
Slow  growth. 

Do. 
Rapid  growth. 
Good  growth. 
No  growth. 
Often  contaminated 

but  some  grew. 
No  flTowth. 

Do. 

Do. 
Slow  growth. 
No  growth. 
Contaminated. 
No  growth. 
Good  growth. 

Do. 


It  is  not  to  be  understood  that  the  faihires  recorded  in  the  forego- 
ing table  indicate  that  these  species  will  not  grow.  The  evidence  is 
that  they  did  not  grow  upon  the  media  used,  and  it  is  very  probable 
that  most  of  these  could  l)e  propagated  in  culture  by  this  method  if 
a  systematic  attempt  were  made  to  determine  what  substrata  are 
desirable.  The  writer  believes  that  this  statement  holds  true  particu- 
larly in  the  case  of  certain  species  of  Boletus.  No  attempt  was 
made  to  cultivate  Boleti  in  any  other  way  than  upon  bean  pods.  A 
few  mycelial  threads  were  developed  in  such  cases,  but  these  failed 
to  grow  upon  the  bean,  apparently  dying  before  even  the  nutrients 
in  the  fragment  of  tissue  were  exhausted. 

It  is  interesting  to  note  that  many  of  the  fungi  which  have  given 
good  growth  have  not  hitherto  been  grown  in  pure  culture.     Accord- 

o  Costantln  et  Matruchot.     Siir  la  production  du  niycellum  des  ehampignoD 
sii|)<?rieur8.    Extrait  Compt  Uend.  d.  Si^aiices  de  la  Soc.  de  Biologie.    January', 
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ingto  Ck>stantin  and  Matruchot,®  Van  Tieghem  (1876)  produced  the 
myoeliuni   of  Coprinus  in   pure  culture.    Later,   Brefeld®  accom- 
plished the  same  result  with  many  species  of  Coprinus,  and  also  with 
ArmUlaria  mellea.    Costantin  has  also  published  a  number  of  brief 
papers,  or  announcements,  of  successful  cultures  upon  artificial  media 
of  the  mycelium  of  several  fleshy  fungi.    Besides  Agaricus  campestris^ 
he  has  grown  the  mycelium  of  Amanita  rubescens^  ArmUlaria  mellea^ 
CoUybiu  velutipes^  Lepiota  procera^  Marasmius  oreades^  Tricholoma 
nudum^  Pleurotus  ostreatus^  Pholiota  aegernta,  Coprinus  romatus^ 
Polyparus  tuberaster^  P.  frondosus^  Hydnum  coralloides,  Morchella 
en-ulentan  and  perhaps  a  few  others.     He  has  also  grown  to  maturity 
sporophores  of  Agaricus  campestris^  CopHnus  comatus^  and   Tri- 
tholoma   nudum.    Unfortunately,    Costantin    seldom    indicates   the 
substratum  upon  which  his  cultures  were  made.     Falck  ^  reports 
having  produced  in  culture  the  sporophores  of  Collybia  velutipes^ 
Phlebia  merismoides^  Bypholoma  fasciculare^  Chalymotta  campanu- 
lata,  and  Coprinus  ephemeras  in  his  studies  upon  the  connection  of 
oidial  stages  with  perfect  forms  of  the  Basidiomycetes.     In  the  work 
of  the  writer  so  far  no  special  attempt  has  been  made  to  obtain  the 
sporophores  of  the  fungi  cultivated  except  in  the  case  of  Agaricus 
campestris.    Nevertheless,  the  following  species  have  fruited  in  pure 
culture  upon  the  media  indicated : 

Medium. 

Agaricus  campestris Manure. 

Agaricus  fabaceus  Manure. 

Agaricus  amygdalinus Manure. 

Armillaria  mellea Beans. 

BovisteUa  ohiensis Soil. 

Calvatia  cyathiforme Soil. 

Calvatia  rubro-flava Soil. 

Gortinarius  sp Soil. 

Coprinus  comatus Leaves. 

Coprinus  fimetarius Leaves. 

Coprinus  solstitialis  (?)   Leaves, etc. 

Daedalia  quercina Leaves,  etc. 

Hydnum  coralloides Beans. 

Lycoperdon  wrigbtli Soil. 

Pleorotus  ostreatus  Beans  and  manure. 

Pleurotus  ulmarius  Manure. 

In  some  instances  the  sporophores  have  been  minute,  owing  to  the 
small  quantity  of  the  culture  medium. 

«  Brefeld,  O.     Unters.  aus  d.  Gesammtgeblete  d.  Mylcologie,  8,  0,  10. 

•  Falclc,  R.  Die  Cultur  der  Oidien  und  die  RiicljfUhrung  in  die  hohere  Frucbr- 
form  bei  den  Basidiomyceten.  Cobn's  Beitrage  zur  Biologie  der  Pflanzen,  8: 
907-346  (Pis.  12-17). 
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From  the  standpoint  of  obtaining  pure  cultures,  the  tissue-culture 
method  is  capable  of  very  general  application.    Three  considerations 
render  it  particularly  important,  as  follows:  (1)   When  a  suitable 
culture  medium  is  at  hand,  a  pure  culture  may  be  obtained  almost 
invariably  from  a  young,  healthy  plant.     (2)  Cultures  may  be  made 
from  fungi  the  spores  of  which  have  never  been  brought  to  germina- 
tion.    (3)   Pure  cultures  are  made  by  direct  inoculation;  that   is, 
dilution  cultures  are  rendered  wholly  superfluous.    In  the  case   of 
Agaricvs  campestris  and  other  Basidiomycetes,  in  which  the   gill- 
bearing  surface  is  protected  until  the  spores  are  produced,  it  is  pos- 
sible, with  the  precautions  previously  mentioned,  to  obtain  the  spores 
pure,  or  practically  pure,  and  at  the  same  time  in  considerable  quan- 
tity.   This  is  not  possible  with  the  great  majority  of  fleshy  fungi, 
which  are  truly  gymnocarpous.    Again,  members  of  the  genus  Cop- 
rinus  are  deliquescent,  and  here  it  is  impracticable  to  secure  spores 
by  the  spore-print  method.    In  the  Lycoperdacese  and  other  Gaster- 
omycetes  it  has  been  found  that  bacteria  are  frequently  present  in  the 
tissues  by  the  time  the  spores  are  formed,  and,  even  if  the  sfK>res 
could  be  germinated,  direct  cultures  would  perhaps  be  seldom  possi- 
ble.   By  the  tissue  method  it  is  only  necessary  that  the  plant  shall  be 
so  young  that  the  cells  of  the  tissue  are  capable  of  growth  and  that 
there  are  no  foreign  organisms  present  in  the  tissue.     In  this  connec- 
tion it  may  be  stated  that  in  the  Phallinese,  Hymenogastrinea;,  and 
Lycoperdinese  no  representative  has  been  germinated,  while  in  the 
Plectobasidineae  germination  is  known  only  in  the  case  of  Sphaero- 
bolus  atellatua  and  Pisolithus  crasaipes. 

When  the  natural  conditions  of  germination  shall  have  been  more 
definitely  ascertained,  direct  spore-culture  methods  should  in  prac- 
tice, perhaps,  replace  the  pure  tissue-culture  methods  in  making 
virgin  spawn.  This  would  render  unnecessary  a  tedious  portion  of 
the  work,  and  the  process  of  spawn  making  would  be  thereby  made 
less  expensive. 

A  discussion  of  the  respective  practical  merits  of  the  spore  and  tissue 
methods  would  not  be  complete  without  reference  to  the  comparative 
vigor,  or  productive  power,  of  the  resulting  mycelium.  In  the  growth 
of  the  mycelium  no  difference  could  be  detected.  The  writiCr  has  also 
grown  mushrooms  from  spawn  produced  by  both  of  these  methods; 
but  the  results  do  not  indicate  that  there  is  any  advantage  for  the  one 
over  the  other.  It  is  believed,  therefore,  that  the  processes  of  basidial 
and  spore  formation  are  in  this  regard  relatively  unessential,  or  at 
least  do  not  intensify  whatever  invigoration  may,  in  general,  result 
from  mere  sporophore  production.  It  is  to  be  expected,  perhaps,  that 
any  and  all  cells  of  the  sporophore  may  be  invigorated  by  whatever 
is  to  be  gained  by  the  assemblage,  or  concentration,  in  the  differen- 
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ritted  sporophore,  of  food  products  collected  by  a  ramifying  myce- 
liiun.  According  to  the  studies  of  Harper,*  Maire,*  and  others,  there 
is  no  sexual  fusion  in  the  case  of  the  Basidiomycetes  which  have  been 
studied.  Two  nuclei  are  present  in  the  cells  of  the  sporophore,  but 
'  these  are  associated  conjugate  nuclei,  and  the  fusion  of  these  in  the 
basidium  is  generally  considered  in  no  sense  an  act  of  fertilization, 
but  rather  a  form  of  nuclear  reduction.  Maire  states  that  the  cells  of 
the  mycelium  obtained  by  the  germination  of  the  basidiospore  are 
uninucleate.  It  has  not  yet  been  ascertained  when  or  how  the  binu- 
cieate  condition  arises. 

HTTTBinOV. 

Although  Agaricus  eampestris  has  been  cultivated  for  so  long  a 
time,  it  does  not  seem  that  it  has  previously  been  subjected  to  careful 
experimentation  from  the  f^int  of  view  of  nutrition.  The  belief 
generally  prevalent  is  that  the  most  essential  factor  in  the  nutrition 
of  the  mushroom  is  the  "  ammonia "  of  the  manure  or  compost. 
Again,  it  is  claimed  that  organic  waste  products,  such  as  those  indi- 
cated, must  undergo  a  process  of  fermentation,  or  "  preparation," 
in  order  to  furnish  the  necessary  nutrients  for  the  growing  mycelium. 
This  idea,  as  will  be  seen  later,  is  merely  based  upon  casual  observa- 
tions "  in  nature,"  and  it  is  found  wholly  erroneous  when  tested  for 
its  fundamental  worth  by  the  elimination  of  other  factors  of  the  com- 
post environment. 

Growth  ori  manure  and  other  complex  m^dia. — ^Early  in  this  inves- 
tigation it  was  ascertained  that  the  mycelium  of  Agaricus  campestris 
in  pure  cultures  would  grow  luxuriantly  on  fresh  stable  manure,  and 
as  a  rule  upon  the  same  product  in  any  stage  of  fermentation  or 
decomposition.  In  some  instances,  undoubtedly,  fresh  manure  may 
contain  injurious  compounds;  somewhat  oftener  the  same  is  true  for 
the  fermented  product.  In  some  instances  it  is  desirable  to  dry  or 
thoroughly  air  the  fresh  manure  before  use.  Fresh  manure  from 
grass-fed  animals  is  not  to  be  recommended.  The  mycelium  also 
grows  luxuriantly  on  bean  stems  or  pods,  on  half-rotted  leaves  of 
deciduous  trees,  on  rich  soil,  on  well-rotted  sawdust,  and  on  a  variety 
of  other  substances.     It  does  not  grow  readily  upon  peaty  products. 

Some  of  the  more  promising  edible  species  were  cultivated  in 
various  media  in  order  to  obtain  an  idea  of  the  comparative  value  of 
these  media  in  furnishing  a  nutrient  to  particular  forms.  It  is  not 
possible,  of  course,  to  base  definite  conclusions  upon  results  obtained 

•  Harper,  R.  A.  Blnucleate  cells  in  certain  Ilymenomycetes.  Bot.  Gaz., 
S3:  1-25.     1902. 

»  Maire,  R.  Recherches  cytologlques  et  taxonomiques  sur  les  Basidiomycetes. 
Bui.  Soc.  Myc.  de  France,  18 : 1-209.     1902. 
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from  pure  cultures,  since  the  presence  of  particular  foreign  organisms 
in  the  substratum  under  natural  conditions  is  perhaps  quite  as  im- 
portant a  consideration  as  that  of  the  specific  riUtrient  value  of  the 
substratum.    The  following  results  are,  however,  suggestive : 

1.  Agaricus  campestris. 

lieaves — ^good  growth  throughout 

Soil — fair  growth,  with  tendency  to  become  threaded  early. 

Manure — good  growth  throughout. 

Beans — good  growth  throughout. 

Sugar  beet — fair  growth,  spreading  very  slowly. 

Potato — slight  growth,  spreading  very  slowly. 

Corn  meal — slight  growth,  spreading  slowly,  soon  becoming  brown. 

2.  Agaricus  fabaceus. 

Leaves — very  good  growth,  rapidly  filling  tube. 
Soil — good  growth,  but  slower  than  the  above. 
Manure — ^good  growth,  but  slower  than  the  above. 
Beans — very  dense  growth,  soon  filling  whole  tube. 

Sugar  beet — good  growth:  somewhat  less  rapid  and  abundant  than  tbe 
above. 

3.  Agaricus  villaticus. 

Practically  the  same  as  Agaricus  campestris. 

4.  Agaricus  fabaceus  var. 

Practically  the  same  as  Agaricus  fabaceus. 

5.  Bovlstella  ohlensis. 

Leaves — good  growth  throughout. 
Soil — growth  throughout,  but  sparse  and  threadllka 
Manure — good  growth  throughout 
Beans — ^good  growth ;  appressed. 
Sugar  l)eet — very  slight  growth. 
(5.  Calvatla  cyathlfomie. 

Leaves — very  good  growth  throughout 
Soil — good  growth ;  quite  as  rapid  as  above. 
Manure — practically  no  growth. 
Beans — ^good  growth,  but  spreads  very  slowly. 
Sugar  l>eet — slight  growth. 

7.  Calvatla  cranllformls. 

Practically  the  same  as  above. 

8.  Calvatia  rubro-flava. 

Practically  the  same  as  in  the  other  species  of  this  genus,  but  spreads 
somewhat  more  slowly  on  soil. 

9.  Coprlnus  atrameutarlus. 

Leaves — verj'  good  growth  throughout 
Soil — alight  growth. 
Manure — fair  growth,  but  very  slow. 
Beans — very  good  growth. 
10.  C^oprinus  comatus. 

liCaves — very  goo<l  growth  throughout :  rapid.     • 
Soil — good  growth. 

Manure — very  good  growth  throughout ;  rapid. 
Beans — very  good  growth  throughout ;  rapid. 
Sugar  beet — very  slow  growth. 
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Leavecs — very  good  growth. 

Soil — slight  growth. 

Manare — slight  growth. 

Beans — very  good  growth  throughout 

Sugar  beet — very  good  growth  throughout. 
12.  MorebeUa  ed^culenta. 

Leaves — very  good  growth :  mycelium  never  dense. 

Soil — very  little  growth. 

Manure — very  slight  growth. 

Beans — ^very  good  growth. 

Sugar  beet — good  growth,  but  slower  than  above. 
13^  Pleurotua  ostreatus. 

I^eaves — ver>'  good  growth :  rapid. 

Soil — fair  growth. 

Manure — good  growth. 

Beans — very  g(KKl  growth ;  rapid. 

Sugar  beet — slight  growth ;  very  slow. 
14.  Pleurotus  ulmarius. 

Practically  the  same  as  Pleurotus  ostreatua 
ir».  Polyi)orus  sulphureus. 

Leaves — fair  growth ;  abundant,  filling  tube. 

Soil — fair  growth. 

Manure — fair  growth,  but  very  slow. 

Beans — very  good  growth,  rapidly  filling  tube. 

Sugar  beet — fair  growth;  much  lighter  mycelium  than  the  above,  with 
prompt  oidial  development. 
IGu  Tricholoma  i)er8onatum. 

leaves — very  good  growth  throughout. 

Soil — very  good  growth  throughout. 

Manure — growth  slow,  but  eventually  good. 

Beans — ^good  growth  throughout. 

Plates  II,  III,  and  IV  show  some  of  the  more  important  of  thase 
species. 

Taking  into  consideration  the  variable  quality  of  the  stable  manure 
which  mav  be  obtained  at  all  seasons,  the  value  of  half-rotted  decid- 
uous  leaves  as  a  substratum  for  Basidiomycetes  is  worthy  of  special 
emphasis.     The  writer  has  found  such  material  more  readily  sterilized 
than  manure,  and  usually  more  prompt  than  the  latter  to  give  growth. 
In  order  to  test  in  pure  cultures  the  probable  effect  of  fertilizers 
as  indicated  by  any  marked  increase  in  the  rapidity  of  growth  of  the 
mycelium,  experiments  were  made  by  adding  a  small  quantity  of 
ordinary  nutrient  salts  to  test  tubes  containing  manure.     A  chlorid 
and  a  nitrate  of  the  following  salts  were  employed,  viz,  ammonium, 
calcium,  magnesium,  and  potassium.     In  addition,  dibasic  potassium 
phosphate  and  also  sodium  chlorid,  as  well  as  control  cultures,  were 
used.     Three  tubes  were  employed  with  each  of  the  compounds  men- 
tioned.    There  was  no  marked  difference  in  the  amount  or  rapidity 
of  the  growth  noted,  as  found  by  comparing  the  averages  of  growth. 
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It  seemed  possible,  however,  that  some  slight  advantage  resuked  from 
the  calcium  compounds,  but  there  was  no  pronounced  ben^t  in  any 
tube.  Further  reference  is  made  to  the  use  of  nutrient  salts  in  mush- 
room growing  in  another  chapter. 

Growth  on  chemically  known  media. — In  an  attempt  to  determine 
somewhat  more  accurately  the  value  of  diflFerent  compounds  as 
nutrients,  particularly  carbohydrate  and  nitrogenous  substances,  sev- 
eral series  of  extensive  tests  have  been  made  with  AgaHcus  campes- 
tris^  and  also  with  Agaricits  fabacejis  and  Coprimis  comatu^.  These 
fimgi  do  not  grow  readily  in  liquid  media,  and  it  has  been  difficult 
to  obtain  a  wholly  reliable  and  satisfactory  substratum,  one  which 
would  itself  be  practically  pure,  or  well  known,  chemically,  and  at 
the  same  time  effective  for  its  purpose.  After  unsatisfactory  at- 
tempts with  various  gelatinous  solid  media,  with  charcoal,  etc.,  it  was 
decided  that  the  commercial  gray  filter  paper  had  more  to  recom- 
mend it  than  any  other  substance  suggested.  Accordingly,  all  ex- 
periments were  made  in  Erlenmeyer  flasks  of  150  c.  c.  capacity,  and 
in  each  flask  was  placed  about  6  grams  of  this  paper  wadded  into 
pellets.  The  latter  was  moistened  in  each  case  with  the  nutrient 
solution  used.  The  flasks  were  subsequently  sterilized  in  the  auto- 
clave and  then  inoculated  with  a  very  minute  fragment  of  strav^ 
with  the  fresh  mycelium  from  a  pure  culture  on  manure. 

Tabulation  of  special  results. — In  the  following  tables  are  given 
the  results  of  two  out  of  several  series  of  experiments,  which  have 
been  conducted  in  order  to  throw  some  light  on  the  point  just  dis- 
cussed. These  tables  include,  also,  many  cultures  on  media  of  un- 
known coijiposition. 

Table  V. — Results  of  growth  on  media — First  series  of  experiments. 


No. 


la 

lb 

2a, 

2b 

3a 

3b 

4a 

4b 

5a 

6b 

6a 

6b 

7a 

rb 

8a 

8b 

na 

9b 

10a 

10b 

11a 

lib 

12a 

12b 

laa 

13b 


I>t.H,0. 

Solntion  A. 

Solution  A  and  cane  sngar,  1^  per  cent 

Cane  sugar,  U  percent 

Solution  A  and  lactoee,  li^  per  cent 

Lactose,  U  percent 

Solntion  A  and  glycerin,  1^  per  cent. . . 
loiycerin,  14^  jaer  cent. 


Extent  of  growth. 


fVery  alight 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

ir  growth 
Do. 


>Solution  A  and  starch  iMste,  i  per  cent 

! Starch  i>aste,  i  i>er  cent |       5?' 
Solution  A  and  starch,  *  per  cent,  and  diastase,  trace |contaiiiinat«d,  discarded. 

jstarch,  }  per  cent,  and  diastase,  trace {^°*Do 

[solution  A  and  dextrose,  li  per  cent |{g^*^**^** 


NUTBITIOIT. 
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Table  V. — Results  of  growth  on  media — First  series  of  experiments — Continued. 


No. 


Medium. 


Extent  of  flrrowtb. 


l}Dextro0e,  U  per  cent '{^"*Do. 


14a 
14b 

Jl^  jySolation  Aandmannite,  Upercent '  Very  alight. 

J2J  [jllaiiiiite^U  per  cent |  Loct. 

|.    \  'rCk>ntAminatedwithA8per- 

i2T   isolation  A  and  maltose,  H  per  cent |^    glllns.   Fair  arrowth,  y^- 

17b  r^  '*-  I   Ibwlah in oofir. 

gj  |}Malto9e,  I*  per  cent It     *Do. 


1^  '|SolntioD  Aand  potasBinm  tartrate,  i  per  cent {^^Do. 

1^  |>PotaaBiTmi tartrate,  ii>er  cent 

^^  Isolntion  A  and  magnesiam  tartrate,  i  iwr  cent . 


21b 


Sib 


S^   >Magnesinm  tai'trate,  ^  per  cent 

Solution  A  and  ammonium  tartrate,  i  per  cent. 

\Ammoniam  tartrate,  i  percent 

^^  jsolntion  A  and  potaasiam  lactate,  k  per  cent 

[PotaaBlam  lactate,  i  per  cent 

Isolation  A  and  magnesiam  lactate,  k  per  cent . . 


STb 


li 


Do. 

Do. 

Do. 

Do. 

Do. 

Dor. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Slight  to  fair. 
iSLight. 
i       Do. 
/       Do. 
i       Do. 


«r  '^Magneeinm  lactate,  i  per  cent 

9f  |lsolntion  A  and  ammonium  lactate,  i  per  cent i{^I)o  ^^'^^^^ 

|5J  JAmmonium  lactate,  4  per  cent !{^^**Do. 

^  jSolution  A  and  calcium  hippurate,  4  per  cent '{     'S^^^^* 


St  jcalciam  hippurate,  i  per  cent 

^^  ilsolution  A  and  asparagin,  i  per  cent 
31a 


gj  -lAaparagln,  i  per  cent 

1^  Isolution  A  and  peptone,  i  per  cent. 


fSUght. 

Do. 

Do. 

Do. 

Do. 

Do. 
[Qood. 

Do. 


ggj^   [Peptone,*  per  cent Ip'lS^.^*^^ 

^  liSolution  A  and  casein,  J  per  cent ]l      "^S^J*^^" 


2^   JOwein,  4  per  cent 

Sj   JSolution  A  and  pepsin,  i  per  cent 

|Sf   Ipepsin,  i  percent 

4lb  |}SolutionB 

^    ^Solution  B  and  asparagin,  f  per  cent {^^^Do. 

Sj  jlSolntion  Band  peptone,  *  per  cent 

fj?    [Solution  B  and  casein,  i  per  cent 


Do. 

Do. 
SUght  to  fair. 

Do. 

Do. 

Do. 
I       Do. 

Do. 


45b 


46b 
i7a 
47b 


40b 

fiOa 

51a 


6R> 


0b 
51a 
51b 


Very  slight. 

Do. 
Very  good. 

Do. 

[Solution  B  and  pepsin,  i  per  cent ll^^^Eto.^  ^°**' 

Bouillon ijSlighttofair 

Bean  decoction jVerjgood. 

Beet  decoction fOood  to  very  good. 

^Manure  decoction y  ^'M^^^* 

Manure 

Wheat  straw - 

[solution  A  and  wheat  straw 

Solution  B  and  wheat  straw 


Solution  B  and  NH4NO3  and  cane  sugar 

Solution  B  and  cane  sugar  and  Oa(NOs)sf  i  per  cent {^^'Sa^ 
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Table  V. — Results  of  growth  on  media — First  series  of  experiments — Ck>ntinued. 


No. 


66a 
66b 
67a 
67b 
68a 
68b 
68a 
69b 
60a 
60b 
61a 
61b 
68a 
62b 


Medium. 


Extent  of  growth. 


Solution  B  and  sugar  and  MgCNOg),,  *  per  cent {^^"X^^** 

Solution  B  and  sugar  and  NH4CI,  i  per  cent -j       g^' 

Solution  B  and  NH4NO8,  i  per  cent |       ^•■ 

Solution  B  and  Ca(NOs)jh  *  per  cent |       §^- 

Solution  B  and  Mg(N08)«,  i  per  cent |       ^• 

Isolution  B  and  NH4C1,^  per  cent {^"^Do.**' '^^^ 

iMushroom  decoction |       5?" 


Table  VI. — Results  of  growth  on  media — Second  series  of  experiments. 


No. 


la 

lb 

8a 

2b 

da 

3b 

4a 

4b 

6a 

6b 

6a 

6b 

7a 

7b 

8a 

8b 

9a 

9b 

10a 

10b 

11a 

lib 

18a 

12b 

laa 

13b 

14a 

14b 

15a 

16b 

16a 

16b 

17a 

17b 

18a 

18b 

19a 

19b 

80a 

80b 

81a 

21b 


Medium. 


Ext^t  of  growth. 


jPresh  horse  manure  (grass-fed  animals) {SSSft 

Contaminated. 

Good. 

Good. 

Ck)ntaminated. 

Fair. 

Do. 
ery  good. 

Do. 
.Slight. 
\  Do. 
(Good. 

tContaminated. 
(Good. 

jNone. 
1       Do. 

Strong  bean  juice ffiteminated. 

Weak  bean  juice 1 1    ^o 

SUght.' 
Do. 

Slight. 

Contaminated. 

Slight. 
Do. 

Contaminated. 

Slight. 

/Good. 


>Fresh  horse  manure,  thoroughly  waited,  residue  only  used. 
Filtrate,  or  liquid  resulting  from  washing  No.  8. 

Decoction  of  fresh  horse  manure,  as  in  No.  1 

Fermented  horse  manure,  thoroughly  washed. . . 

Filtrate  or  washing  from  No.  6 

Rotted  stable  manure 

Decoction  of  green  timothy  bay 

Residue  from  decoction  in  No.  8 


j-Strong  decoction  of  mushrooms 

[One-half  strength  decoction  of  mushrooms 
IWeak  decoction  of  mushrooms 

Oat  straw 

Wheat  straw 


U~.^ ,. 

}Commeal l^^^ 

}i  gram  cane  sugar  in  25  c.c.  solution  A j{^Saned  to  noculea. 

[i  gram  milk  sugar  in  26  c.c. solution  A isiiKht'throughout. 

f       Do. 


}i  gram  galactose  in  25  c.c.  solution  A llsiights  but  contaminated. 

k  gram  cornstarch  in  26  c.  c.  solution  A '{lo^!*  **  *°^" 

28a  I  t  strength  albumen  (egg) I  Confined  to  nocules. 

gg  |i  gram  glucose  in  25  c.  c.  solution  A /Slight  at  top. 


1^  U  gram  dextrose  in  26  c.  c.  solution  A 
Sv    H  gram  mannite  in  25  c.  c.  solution  A 
|Sw  li  gram  glycogen  in  25  c.  c.  solution  A 

Sk  !}t  gram  maltose  in  25  c.  c.  solution  A | 

St   U  gram  levulose  in  25  c.  c.  solution  A. 
Sb  jk  fP^^^  glycerin  in  25  c.  c.  solution  A 


/Fair  throughout, 
t       Do. 
/Fair. 

I  Contaminated. 
/Slight;  contaminated. 
tFalr. 
Slight  at  top. 

Do. 
/Slight. 
\Slight  at  top. 

Confined  to  nocules. 
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Xa 


aib 
31b 


Extent  of  gn^vtli. 


iCC- 


iCC, 


m  Sc.  c.  aolutioii  A 


3tai 
31b 


3R> 
3?a 
37b 


Ilk 

tfb 

41b 


4Sb 

4ai» 

43b 
44a 
44b 
4Sa 
46b 

4fiB 

48b 
47a 

47b 

48ft 
48b 

41b 


5Db 
&la 
51b 

SSb 

sab 

S3b 
5to 
54b 
56a 

8Sb 
56ft 

56b 
&7a 
57b 
56a 
68b 
5eft 
Gflt) 
60ft 
60b 
61a 
61b 

aift 

8Sb 
6aa 
63b 
64a 
64b 

65a 

IBb 

66ft 

61b 
67a 
67b 

6Ba 
6Bb 


[ignmbenaoic  add  in  solution  A {^^'So. 

^  ffrmm  beoftoic  acid  in  solntion  A |       5^- 

JsolntionA fCongned  to  noculeft. 

H^««^» I    d2: 

[DidtilledHO i       gj" 

JDeooction  from prodnctiye old  bed ij^^Do*^ 

|o*k  aawdnst,  only  slightly  rotted jCoi^id  to  noculee, 

iJGlnten  meal  and  water jooodUirougbout. 

jOotton-seed  meal  and  water jConUuiainatod. 

;}Cottan^meal 'teSjJjfri?^. 


iVcrralicbt:  contamtofttMl. 
\        Do. 

lOoafined  to  nocnleisk 
\       Do. 

I  D^K 

\       Dix 
Iftctophaaphateinfic^csolotkinA {*^*^**  *****^ 

citrate  In  ft  cc.  solution  A \       ^ 

mnlateinSccsolntionA |       ^ 

Galdam1iiiiiNiratein»cc8olationA {^^***]Do**^ 

A {^ 

InaolntianA lOonflned  to  nocnles. 

peptone  in  solntion  A {^^**DcJ***^ 

in  solution  A jpftir^rougbout. 


tiiroogbont 


in  solution  B .^Slight  ftt  top. 


|i  gram  ftspai^ftgin  in  solution  B 1     *Do. 

ji  gram  urea  in  Bolotion  B V     'So 


\ 


gram  urea  in  solution  B I|81ight  attop. 


gram  urea  in  solution  B 1^ Slight  throughout 


||i  gram  peptone  in  25  CO.  solution  B i|81ifigt  at  top. 

' U  gnim  peptone  in  25  c.  c.  solution  B d      R^' 

jigtam  peptone  in  25  CO.  solution  B \       Do  ***^" 

}i  gram  peptone  and  A  gram  NaNO.  In  solution  B ilsiigh?^'*^"*^^^*' 

i|*gi»m  casein  in  26  CO.  solution  B Ivei^^Ught. 


}i  gram  casein  in  25  C.C.  solution  B '{HUph^^^^ 

JA  gram  casein  in  26  c.  c.  solution  B l|Parr_througliout. 


|i  strength  albumen  (egg) 

joil  meal  and  water 

Iwhite  pine  shavings 

1  White  pine  shavings  with  bean  decoction. 

I  Asbestos  with  bean  decoction 

:|oid  flake  spawn 


Do. 
Slight  at  top. 

Do. 
Good  throughout. 

Do. 

(Very  small  area,  but  copl- 
<    ous. 

Do. 

Do. 

Do. 
Confined  to  nocules. 

Do. 
ery  good. 

Do. 
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It  is  not  possible  here  to  enter  into  a  detailed  discussion  of  the 
results,  but  attention  is  directed  to  the  fact  that  under  ordinary  con- 
ditions Agarums  campestris  does  not  give  a  copious  growth  when 
nitrogen  is  furnished  from  an  inorganic  salt  and  carbon  in  the  form 
of  the  well-known  sugars.  Calcium  hippurate  in  a  solution  of  the 
necessary  salts  has  almost  invariably  given  better  growth  than  other 
organic  salts  and  carbohydrates.  In  general,  casein  has  been  a  better 
source  of  carbon,  or  of  carbon  and  nitrogen,  than  other  proteids. 

When  the  manure  is  of  good  quality  it  furnishes,  in  pure  cultures, 
a  source  of  necessary  nutrients,  whether  fresh  or  fermented,  whether 
as  a  decoction  or  an  infusion  (a  cold  aqueous  extract). 

Acid  and  alkaline  media. — Manure  which  has  undergone  fermenta- 
tion for  a  few  weeks  is  usually  slightly  acid  in  reaction.  Under 
certain  conditions  of  fermentation  the  acidity  is  increased,  and  this 
is  probably  an  important  factor  in  making  the  manure  from  animals 
fed  with  green  foods  less  valuable  for  mushroom  work.  Some  acid 
tests  were  made  of  beds  which  had  failed  to  yield  satisfactory  results, 
and  in  many  instances  it  was  found  that  the  acid  content  was  much 
above  the  normal.  A  small  series  of  experiments  was  therefore 
instituted  to  determine  the  relative  amount  of  acidity  or  of  alkalinity 
most  favorable  for  the  growth  of  the  spawn  under  pure-culture  con- 
ditions. In  this  test  there  were  also  included  several  other  edible 
fungi,  the  results  of  all  of  which  are  included  in  the  table  below. 
These  experiments  were  made  in  large  test  tubes,  and  in  such  a  test 
it  was  impracticable  to  determine  absolute  acidity  or  alkalinity,  and 
from  the  results  only  a  rough  qualitative  comparison  could  be  antici- 
pated. Potassium  hydrate  and  lactic  acid  were  used  as  reagents. 
Thfe  duration  of  the  experiments  was  one  month,  and  duplicate  cul- 
tures were  used  in  every  instance. 

Although  the  results  are  not  wholly  uniform,  it  may  be  inferred 
that  in  the  case  of  Agariciis  campestris  a  marked  acidity  of  the 
medium  would  be  unfortunate;  Calvatia  cyathiforme^  on  the  other 
hand,  seems  to  have  grown  somewhat  better,  in  general,  in  the  more 
acid  media ;  Goprinus  comatus  grows  under  a  wider  range  of  condi- 
tions; and  Coprinus  atramentaHu^^  in  this  instance,  thrives  in  an 
alkaline  medium.  Further  tests  on  a  quantitative  basis  are  required 
before  definite  conclusions  may  be  drawn.  This  matter  will  also 
receive  further  attention  when  facilities  are  at  hand  for  undertaking 
to  better  advantage  than  has  yet  been  possible  the  practical  growing 
of  the  other  species,  besides  Agaricus  campestris^  included  in  this  test. 
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Table  VII. — Results  of  tests  of  acidity  ati</  alkalinity. 


Medinin. 


4droi»KHO 

SdropBKHO 
1  drop  KHO  . 

Control 


Nature  of 

stable 
compost. 


Freeh  . 
Rotted 
Freeh  . 


Extent  of  growth. 


Agaricns 
campeetris. 


A 


1  drop  add.. 
S  drops  acid. 


Botted. 
Freeh  ... 
Rotted.. 
Fresh  ... 

Rotted. 

Fresh  ... 


Botted. 

Fresh  .. 

tRotted. 


Very  slight 

Slight 

1  good,  I 


Calvatia  cya- 
thiforme. 


Very  slight 
do 


Very  good . 

.  Good 

Very  good . 
1  very  good, 

1  fair. 
Very  slight 

1  contami- 
nated, 1 
very  good 

Verysfight 


'X 

do 


1  none,  1 
sUght. 

None 

Very  slight. . 

None 

1  good,  1  none 

Contamina- 
ted. 

1  slight,  1 
good. 


Very  slight 


Coprinns  co- 
matns. 


SUght 

Very  slight 


Very  good 


1  very  good,  1 

excellent. 
Very  good  . . . 

Excellent 

do 

do 


None 

Excellent 


do 

do 

None . 


Coprinnsatra- 
mentarins. 


1  good,  1  very 
slight. 

Contamina- 
ted. 

Very  slight. 

Good 

Very  good. 
Excellent. 
Very  slight. 

None. 

Very  slight. 


Do. 
Do. 
Do. 


TEMPSBATXTBE  AND  MOISTUBE. 

The  temperature  factor  is,  next  to  that  of  good  spawn,  perhaps  the 
most  important  in  mushroom  growing.  It  has  been  frequently 
btated  that  mushroom  growing  is  not  profitable  when  the  temperature 
may  not  be  maintained  more  or  less  continuously  at  from  50°  to  (»0°  F. 
It  is  very  probable  that  the  exact  temperature  which  may  Ix*  con- 
sidered an  optimum  will  vary  somewhat  in  different  sections  of 
the  country.  It  will  be  noted  later  in  detail  that  the  temperature 
factor  acts  not  so  directly  upon  the  growth  of  the  spawn  or  the  produc- 
tion of  mushrooms  as  indirectly  to  render  some  other  conditions  of  the 
environment  injurious.  It  is  best  to  consider  that  in  practice  the  op- 
timum temperature  for  mushroom  growing  varies  from  53*^  to  58°  F. 

When  the  matter  of  temperature  was  first  imder  consideration, 
a  series  of  pure  cultures  of  Agancus  cam  pent  ns  was  placed  at 
different  temperatures  in  the  laboratory  in  order  to  determine  the 
rapidity  of  growth.  It  was  soon  found  that  a  temperature  above 
60°  F.  and,  indeed,  as  high  as  from  80°  to  85°  F.,  was  much  more 
favorable  to  rapid  growth  than  a  lower  temperature,  provided, 
of  course,  that  the  higher  temperature  did  not  encourage  a  too 
rapid  drying  out  of  the  culture.  It  was  soon  definitely  ascer- 
tained that  the  conditions  of  pure-culture  growth  are  essentially 
different  from  those  attending  the  growth  of  mushroom  spawn  in 
the  bed.  This  was  perhaps  best  indicated  by  comparing  spawn 
grown  in  pots  at  85°  F.  under  impure  conditions  with  similar 
spawn  grown  at  50°  F.  At  the  former  temperature,  even  though 
the  conditions  of  moisture  were  properly  maintained,  there  was 
little  or  no  growth.  Foreign  fungi,  molds,  and  bacteria,  as  well 
as  insects,  were,  however,  abundant.  At  the  lower  temperature  there 
was  little  or  no  evident  appearance  of  other  fungi,  molds,  or  insects; 
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yet  the  luushrooin  spawn  grows  slowly  and  continuously  so  long  as 
other  conditions  are  maintained.  From  nmnerous  exi>eriments  of 
this  nature  it  is  apparent  that  the  temj)erature  relation  is  one  which 
is  governed  by  the  competition  to  which  the  nnishroom  spawn  is  siib- 
iect  in  the  bed.  This  i^,  of  course*,  wholly  in  accord  with  the  results 
obtained  from  the  study  of  the  relative  gi'owth  made  by  mushroom 
spawn  in  fresh  and  composted  manures. 

The  statement  previously  made,  therefore,  that  the  optimum  tem- 
perature may  vary  slightly  in  different  localities  is  true  on  account  of 
the  fact  that  the  mites,  insects,  and  other  animal  pests  of  mushrc)om 
growing  may  vary  considerably  in  different  localities,  or  under  dif- 
ferent conditions,  even  though  there  may  not  be  a  great  variation, 
perhaps,  in  the  bacterial  and  fungus  flora  of  the  compost  upon 
which  the  mushrooms  are  grown.  Certain  insects,  for  example,  are 
more  abundant  in  a  moist  climate,  but  if  special  precautions  can  l>e 
taken  to  eliminate  all  such  pests,  the  growth  problem  is  confined  to 
the  interrelation  existing  between  the  mushroom  spawn  and  tlie 
microscopic  flora  of  the  compost.  MushrcKMiis  grown  in  the  open 
will  probably  show  greater  variation  with  reference  to  the  tem- 
perature factor  than  those  grown  in  caves  or  cellars. 

A\Tiile  a  number  of  interesting  problems  would  be  presented  by  a 
study  of  the  interrelation  of  the  mushroom  mycelium  with  that  of 
other  microscopic  fungi  present  in  the  compost,  these  are  matters  of 
detail ;  and  it  has  been  wholly  impossible  thus  far  to  give  any  atten- 
tion to  suggestions  which  have  been  furnished  by  the  experimental 
data.  It  may  be  possible  that  other  species  of  mushrooms  are  more 
independent  of  ins(H*ts  and  other  microscopic  fungi,  and  such  fungi 
may  therefore  be  more  suitable  for  cultivation  at  high  temperatures 
than  is  Agancuti  ('(wipeHtris  or  any  of  its  close  allies.  A  considerable 
effort  is  l^eing  made  to  obtain  spawn  of  certain  species  of  Agariciis, 
and  also  of  other  edible  nnishrooms  which  make  their  appearance 
during  the  warm  weather.  At  this  time,  however,  it  is  not  possible 
to  say  what  results  of  vahie  may  Ixi  anticipated  from  this  line  of 
work. 

The  direct  effect  of  a  temperature  above  the  optimum  upon  the  spo- 
rophores  is  manifest  through  lengthening  of  the  stijjes  and  rapid 
expansion  of  the  caps,  ordinarily  accompanied  by  toughness  and 
decreased  size.  In  other  words,  the  lower  grade  market  product  is 
produced  at  the  higher  temperature. 

The  moisture  factor  is  also  one  of  importance.  It  is  undesirable 
that  the  place  in  which  nnishrooms  are  grown  should  l)e  very  damp, 
or  dripping  with  water.  Nevertheh»ss,  a  fairly  moist  condition  of 
the  atmosphere  shoiUd  be  maintained  throughout  the  growing  and 
productive  period.  There  shoidd  be  a  gradual  but  slight  evaporation 
from  the  surface  of  the  beds,  and  sufficient  ventilation  to  iiisui"e  this 
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i*  believed  lo  he  e^c^ntial.  It  i>  ivrtain  that  in  |HMirly  wntilatoii 
aive>  niu>hrooDi>  do  not  >utx'eed.  On  the  other  hand,  in  a  drv 
atmosphere,  or  expi»>ed  to  ilrving  wimK  nni^hriKini  IhhI>  j^hhi  ivase 
lo  bear,  while  >iich  sporophores  as  are  ileveloping  niav  liave  their 
caps  cracked  and  torn. 

Mushrooms  are  grown  in  cellars,  caves,  or  >|)eiMally  ci>nstrncttHl 
houses  largely  on  account  of  the  fact  that  temperature  and  moi<tuiv 
are  then  practically  under  control.  The  nature  of  the  structure  or 
cellar  which  is  constructed  for  mushroom  growing  must  l)e  deter- 
mined, therefore,  not  merely  by  its  ex|jen>e,  but  by  the  efftvtiveness 
of  the  structure  in  regulating  the  factors  indicateil  under  the  par- 
ticular climatic  conditions. 

It  is  not  po>sible  at  this  time  to  discuss  cellar  or  hotise  construc- 
tion, and  the  accompanying  illustration  of  mushroom  houst^s  (Plate 
VI.  fig.  1)  must  suffice  to  give  an  idea  of  the  types  which  are  in  use, 

FBEPAKATION  OF  THE  COMPOST. 

It  is  not  to  be  understood  that  there  is  one  and  onlv  one  method  of 
preparing  compost  for  mushroom  growing.  Nor  is  it  always  neces- 
sary that  the  compost  shall  be  in  one  particular  stage  of  fermenta- 
tion or  decay.  In  fact,  every  change  of  conditicm  elsewhere  nuiy 
?iecessitate  a  similar  change  in  the  amoiuit  of  fermentation  which 
may  be  most  desirable.  At  the  outset  it  should  lx»  understood  that 
it  is  not  the  "  fermentation  "'  Avhich  is  absolutely  essential."     The 

«  R(ipln,  1.  c.  (See  translation  in  The  (ianien  (London),  Fel^ruary  5,  ISSW. 
Spet-ial  reprint,  pp.  lO-lO.)  Here  it  is  stntetl  tlint  *' manure  is  renderefl  capa- 
ble of  t<upi>l3'in^  nutriment  suitable  for  uuishrooms  cmly  l»y  means  of  fernjenta- 
tion;"  further,  that  "all  the  higher  orders  of  mushrooms,  the  spores  of  wiiicli 
1  have  suct-ee<le<l  in  causing  to  germinate,  have  a  sterile  spawn  of  a  similar 
nature."  Again,  the  (nmclusion  is  expresswi  wmiewhat  iiidefinitely  that  ujanure 
is  **  reiideretl  suitable "  by  means  of  chemical  comlaistion,  which  Is  said  to 
proceed  rapidly  only  at  a  temi)erature  above  178°  F. :  that  it  is  not  the  solui>le 
substances  in  the  manure  which  are  valuable,  but  rather  the  <i»llulose  matter. 
togetlier  with  the  necessary  s;ilts. 

In  this  coinie<*tion  it  is  of  interest  to  note  tliat  the  material  (H)nstituting  many 
of  the  l>e<ls  in  the  exi>erimental  cellar  at  (V)luml)ia,  Mo.,  were  fermenttMl  nt 
comiwi natively  low  temi)eratures.  A  complete  temperature  record  was  Ivept  of 
18  Hiiiall  com]X>st  piles  in  which  si)ecial  Ivinds  of  manun>  wen*  prepare^l, 
and  in  only  one  instance  was  the  temi^erature  in  any  pile  more  than  140°  V. 
In  some  cases  120°  F.  was  the  maximum  attaineil." 

Repin  implies  that  mushrooms  will  not  grow  in  manure  until  there  lias  betMi 
effected  "  the  destruction  of  all  the  soluble  organic  matters,  wliicli  disappear 
tbrouj^h  the  agency  of  bacteria  or  are  cousuukhI  in  tlie  i)r()cess  of  oxidation." 
Ver>'  simple  nutrition  experiments  clearly  demonstrate  that  these  conclusions 
are  erroneous. 

It  may  be  state<K  however,  that  peculiarities  appear  when  the  fresh  mainire 
•'ontains  certain  comijounds  which  render  it  injurious;  for  example,  tlie  my- 
'vlium  does  not  gi'ow  readily  in  pure  culture  niK)n  fresh  manure  from  anlmalH 
fed  almost  wholly  on  green  toj:^tge.     Such  iuantFre<.is  improved  by  fermentation. 
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"  fermentation  "  is  of  itself  a  minor  matter.  In  pure  cultures,  \«^hei 
sterile  media  are  employed,  mushroom  spawn  starts  slowly,  bi 
finally  grows  best,  in  general,  upon  fresh  (wholly  unfermented 
manure.  It  grows  least  well,  or,  rather,  less  densely,  so  far  as  te«te< 
on  very  well  fermented  manure.  This  certainly  indicates  that  it  i 
not  fermentation  which  is  ordinarily  advantageous.  In  practica 
mushroom  growing,  however,  it  is  not  possible  to  deal  with  pure  en" 
tures;  and,  therefore,  other  conditions  of  the  environment  must  b 
(correspondingly  changed.  The  rapid  oxidation  action  of  baoterij 
and  perhaps  of  independent  ferments,  upon  manure  causes  a  coiisid 
erable  rise  of  temperature.  At  the  higher  temperatures  (whicl 
may  be  maintained  as  long  as  there  are  pre45ent  rapidly  oxidizabi 
food  products)  bacterial  action  is  vigorous,  and  is  unquestionably 
injurious  to  mycelial  development.  Wholly  aside  from  the  rise  o 
t-emperature  accompanying  their  activitie^s  bacteria  are  otherivis 
injurious.  In  fact,  manure  which  is  put  to  ferment  in  a  small  tes 
tulx^  shows  little  or  no  rise  of  temperature  above  that  of  the  place  ii 
which  it  is  incubated.  Nevertheless,  the  mycelium  of  the  miish 
room  will  not  grow  under  such  conditions.  Rapid  bacterial  aetior 
is  therefore  prejudicial.  Under  those  conditions  where  bacterial 
action  is  not  rapid,  fresh  manure  might  be  used  to  advantage:  in 
other  words,  if  the  lx>ds  are  so  constructed  that  the  manure  ferments 
very  gradually,  without  either  excessive  bacterial  action  or  rise  of  tem- 
perature, then  spawning  might  be  made  in  fresh  manure. 

The  old  belief  that  rotten  manure  does  not  have  the  neces5airv 
strength — that  is,  does  not  produce  so  vigorous  a  mushroom  growth 
as  that  which  has  Ix^en  less  transformed  bv  bacterial  action — has  been 
confirmed  by  practical  experiments.  This  loss  of  effectiveness  is 
probably  due,  in  part,  to  a  change  in  texture  or  to  other  physical 
changes.  In  well-rotted  manure  there  is  ample  food  material  to  sup- 
port a  very  good  gi'owth  of  mycelium  in  pure  cultures.  This  has 
been  chemically  proved  by  sterilizing  such  manui'e  and  growing  mush- 
room spawn  upon  it  in  pure  culture.  Nevertheless,  by  comparing 
(in  Table  VIII)  No.  12  with  Nos.  18,  14,  and  15,  it  will  be  seen  tha^t 
beds  j)rei)ared  with  well-fennented  manure  and  left  for  some  time 
before  spawning  do  not  yield  so  well.  It  is  l)elievcd  that  here  the 
physical  condition  has  much  to  do  with  the  result. 

The  latter  d(x»s  not  by  any  means  invalidate  the  following  practice, 
which  has  connnended  itself  to  some  very  successful  growei's:  The 
manure  is  piknl  in  very  large  compost  heaps,  where  it  is  kept  moist 
and  is  turned  onlv  once  or  twice.  It  ferments  vei*v  slowlv.  Then  it 
is  carted  into  the  cave,  or  mushroom  house,  long  before  it  could  be 
considered  in  proper  condition  to  l>e  spawned.  The  beds  (usually 
flat  when  this  is  the  procedure)  are  made  immediately.  These  are 
fairly  well  moistened  and  compressed,  then  left  to  undergo  a  gradual 
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{ermentation,  which  maj*  require  a  month.  AMien  the  manure  shows 
I  tendency  to  fall  to  the  temj)erature  of  the  room  it  is  spawned. 
Meanwhile,  it  will  doubtless  be  found  that  a  heavy  crop  of  some 
aniW  species  of  Coprinus  will  have  appeared.  The  pivsence  of  this 
fungus  is  not  injurious,  but  rather  it  may  he  taken  as  an  indication 
that  the  conditions  are  favorable. 

Ordinarily  the  manure  is  obtained  as  fresh  as  possible.  It  should 
include  the  straw  used  in  bedding  the  animals,  and  the  quality  of  the 
straw  will  determine  to  some  extent  the  value  of  the  manure.  The 
straw  of  cereals  is  far  better  than  that  of  most  other  grasses.  The 
more  resistant  straws  seem  greatly  to  improve  the  texture  of  the  com- 
port for  mushroom  purposes.  Commercially  it  is  a  mistake  to 
attempt  to  g^t  the  manure  free  from  straw.  If  fresh  manure  is  not 
obtainable,  that  which  has  been  trampled  by  the  animals  is  ordinarily 
rich,  well  preserved,  and  desirable.  It  ferments  best  in  large  pilas, 
and  these  may  be  of  considerable  extent,  about  3  or  4  feet  deep 
throughout.  If  not  uniformly  moist  the  material  should  l)e  sprink- 
led. At  no  time  is  a  very  heavy  watering  desirable.  In  from  four 
days  to  a  week  or  more  the  compost  should  be  turned,  or  forked  over, 
and  a  se<^ond  turning  will  he  required  a  week  or  ten  days  later. 
Water  should  lie  added  only  when  necessary  to  maintain  a  moist  (but 
not  a  wet)  condition.  With  this  amoimt  of  moisture,  and  with  the 
piles  deep  enough  to  l)ecome  fairly  compact  as  a  result  of  their  own 
weight,  there  will  l)e  little  danger  of  any  injurious  fermentation. 
During  the  normal  fermentation  the  temperature  may  rist*  higher 
than  150°  F.  In  from  fifteen  to  twenty-one  days  or  more,  depending 
upon  the  conditions,  the  temperature  will  begin  to  fall,  and  the  com- 
post may  be  used  in  the  construction  of  the  beds.  When  used  in  the 
beds,  it  has  ordinarily  lost  all  objectionable  odor,  and  the  color  of  the 
straw  has  changed  from  yellow  to  brown.  In  figure  2  on  Plate  V 
is  shown  a  shed  in  which  the  manure  is  composted  during  the  summer. 

As  stated  in  Farmers'  Bulletin  No.  204: 

It  is  the  oustom  with  Kome  gro\vei"s  to  mix  a  suitUl  (iiiantity  of  loam,  alK)ut 
one-fourth,  with  the  manure.  This  enables  one  to  use  the  manure  earlier ;  and, 
indeed,  under  such  circumstances  it  may  sometimes  l)e  used  witli  l)ut  little  or  no 
wmpORtlng.  Nevertheless,  the  majority  of  growers  liave  olitained  j^reater  suc- 
cess by  the  use  of  the  maimre  alone,  and  this  is  also  the  Nvriter's  exiwn'ience. 
Very  well-rotted  compost  should  not  l>e  used  in  mushroom  >;ro\vinp  if  larj;e  and 
solid  mushrooms  are  dt»sired.  When  sawdust  or  shavings  are  employtMl  for 
t^drting  the  animals,  the  composting  may  nniuire  a  somewhat  h)nffer  period. 

It  has  l^een  the  experience  of  some  of  the  most  successful  growers 
that  the  use  of  shavings  for  l>edding  material  in  the  stables  (1(h\s  not 
injure  the  value  of  the  product  for  mushroom  work.  The  pi'eseiici* 
^'^tt  large  amount  of  sawdust  is,  however,  objectionabh*  so  far  as  the 
nvriter's   experience    goes.     Compost    containing    much    sawdust    is 
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necessarily  very  "  short,"  and  therefore  the  physical  condition  is  in 
the  most  favorable  for  Agaricvs  campesM^. 

In  another  chapter  attention  is  called  to  the  fact  that  the  value  < 
the  manure  depends  to  a  considerable  extent  upon  the  feed  ^veii  tl 
animals.  It  would  not  be  wise  to  depend  upon  that  obtained  froi 
stables  in  which  hay  and  green  foods  are  used  to  too  great  an  exten 
Moreover,  it  is  not  believed  that  compost  made  from  the  manui'e  <. 
cattle  barns  is  in  mushroom  growing  as  desirable  as  stable  manui'e- 

In  some  cities  the  municipal  ordinances  require  that  the  manui 
shall  be  promptly  removed  from  the  feeding  stables  or  that  it  sha 
be  disinfected.  In  the  latter  case  crude  carbolic  acid,  or  even  corrr 
sive  sublimate,  mav  be  used  to  secure  this  end.  Manure  thus  disir 
fected  is,  of  course,  undesirable  for  mushroom  work.  For  the  sani 
reason  the  manure  of  veteriimry  hospitals  is  of  questionable  valiu*. 

It  is  not  wholly  improbable  that  some  other  waste  products  of  th 
farm,  field,  and  forest  may  be  utilized  in  mushroom  growing:  never 
theless,  no  such  product  has  yet  been  foimd  which,  under  the  condi 
tions  of  the  experiment,  has  yielded  sufficiently  to  make  it  of  specia 
interest  in  growing  AgaHnin  rampestrls.  Among  the  products  whicl 
have  been  tested,  either  alone  or  in  conjunction  with  some  connner 
cial  fertilizer,  are  the  following:  Ij(*aves  of  deciduous  trees,  needles  oi 
conifers,  sawdust,  cotton-seed  hulls,  cotton  seed,  corn  stover,  sorghun 
stover  (or  bagasse),  rotten  hay,  sphagnum,  and  yeddo  fibi^r.  The 
writer  is  convinced  that  greater  profit  may  be  anticipated,  for  the 
present,  at  least,  if  the  culture  of  Agarimn  campeHti'h  is  confined  tc 
manure:  and  if  other  edible  forms  which  grow  in  the  woods  are  used 
in  beds  of  leaves,  etc..  as  indicated  elsewhere  in  these  pages,  it  is  quite 
possible  tliat  such  a  fungus  as  (^opnnus  romatua  may  be  grown  suc- 
cessfully in  this  latter  way.  It  may,  however,  l)e  too  much  to  hope 
that  the  morel  may  also  be  thus  made  amenable  to  culture,  although 
leaf  mold  is  in  nature  the  favorite  habitat  of  this  fungus. 

From  the  prompt  and  abundant  growth  of  Agaricus  cavipestrh  on 
half-rotted  leaf  mold  in  pure  cultures,  it  was  thought  that  mushrcxwiis 
might  be  grown  to  advantage  upon  this  product.  The  practical 
experiments  made  to  test  this  point  are  distinctly  discouraging,  as 
shown  by  reference  to  No.  17,  Table  VIII;  Nos.  3  and  4,  Table  IX, 
and  No.  11,  Table  X. 

For  the  most  part  manure  may  be  composted  in  the  open  air.  It 
may,  however,  be  prepared  with  greater  uniformity  under  cover. 
During  midsummer,  protection  may  be  desirable  on  account  of  dry- 
ing out,  while  in  the  winter  it  is  more  important  in  case  of  excessive 
cold.  If  it  is  necessary  to  compost  mamire  during  the  winter,  more- 
over, the  piles  should  be  of  considerable  depth. 
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INSTAI.IiATION  OF  BEDS. 

In  making  the  beds,  as  well  as  in  other  phases  of  mushroom  work, 
regard  must  be  had  for  all  environmental  conditions.  The  type  of 
bed  should  be  determined  by  convenience,  and  the  size,  to  a-  cer- 
tain €»xt€»nt,  by  the  tempt»rature  to  which  the  l)eds  may  be  exposed. 
The  flat  lx?d,  frequently  referred  to  as  the  Pinglish  type,  is  more 
commonly  employed  in  the  indoor  work  in  England  and  America. 
With  this  type  merely  the  c^ntire  floor  space  may  be  utilized,  as  illus- 
trated in  the  frontispiece,  Plate  I,  or  the  beds  may  be  arranged  in 
tiers  of  shelves.  In  figure  1  on  Plate  V  a  view  may  be  had  of  the 
snpports  for  shelf  beds  in  a  large  commercial  house.  In  this  house 
there  is  the  greatest  economy  of  space.  The  shelf  system  gives  the 
greatest  anioimt  of  l>ed  space  and  is  certainly  most  economical  where 
the  floor  space  is  an  important  factor.  Such  l)eds  do  not  require 
gnnit  depth,  but  merely  sufficient  to  insure  an  ample  development  of 
spawn.  They  should  be  from  8  to  10  inches  deep  after  being  firmed 
or  compressed. 

The  ridge-bed  system  is  employed  almost  exclusively  in  the  caves 
alKuit  Paris.  This  system  is  also  in  use  in  open-air  culture.  It  may 
\ye  used  to  advantage  in  low  cellars,  caves,  or  houses  when  lal)or  is 
not  too  expensive.  Ridge  l)eds  increase  slightly  the  surface  area  and 
permit  of  easy  passage  from  one  part  of  the  cave  to  another.  The 
size  of  such  beds  in  caves,  or  under  other  conditions  where  the  tem- 
perature remains  practically  uniform,  should  l)e  not  more  than  2  feet 
wide  at  the  base  and  15  inches  high,  tapering  gradually  to  the  top 
when  compressed.  Slanting  beds  are  commonly  employed  next  to 
the  walls.  Large  beds  are  desirable  under  changeable  open-air 
conditions. 

The  prevalent  opinion  among  amateurs  that  the  bed  should  always 
he  deep  enough  to  maintain  a  considerable  heat  is  believed  to  be  erro- 
neous, (irowu  under  more  or  less  uniform  conditions,  mushrooms 
seem  to  require  no  l)ottom  heat,  and  the  bed  should  fall  to  the  tem- 
perature of  the  nyom  some  time  after  spawning.  Bottom  heat,  and 
hence  large  beds,  are,  however,  desirable  when  sudden  changes  of 
weather  would  so  reduce  the  temperature  of  the  bed  as  to  delay 
growth.  Under  similar  conditions,  as  well  as  in  dry  air,  mulching 
may  be  required. 

As  previously  stated  by  the  writer  in  Farmers'  Bulletin  Xo.  204 
of  th<*  Department  of  Agriculture — 

111  iiiiy  case,  the  manure  is  made  uj)  in  tlie  form  of  the  bo<l  desired  and  should 
l>e  f5nne<l,  or  compressed,  to  some  extent  imme<liately.  in  order  to  prevent  dry- 
ing out  and  burning  when  the  secondary  fermentation  takes  place.  At  this  time 
the  manure  should  l)e  neither  wet  nor  dry,  hut  merely  moist.  The  only  prac- 
tical test  of  the  proper  moisture  content  of  the  manure  which  can  l)e  relied  upon 
is  when,  uiwn  compression,  water  can  not  readily  be  squeezed  out  of  it. 
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SPAWNINO  AND  CASIXa  THE  BEDS. 

From  what  has  been  said  concerning  the  temperature  requirements, 
it  will  be  evident  that  spawn  should  not  be  inserted  in  the  beds  until 
the  temperature  has  fallen  low  enough  to  insure  successful  competi- 
tion on  the  part  of  the  mycelium  with  other  organisms.  In  m.any 
articles  on  mushroom  growing  it  has  been  suggested  that  beds  may  be 
spawned  when  the  temperature  has  fallen  to  about  90°  F.  From 
experience  and  observation,  the  writer  can  only  conclude  that  such  a 
temperature  is  frequently  fatal,  and  it  is  believed  that  the  tempera- 
ture of  the  beds  should  be  permitted  to  fall  to  70°  F.  before  being 
spawned.  In  fact,  the  most  successful  results  have  been  obtained  at 
temperatures  from  65°  to  70°  F.  It  was  formerly  believed  that  if 
the  spawn  were  inserted  at  90°  F.  this  higher  temperature  incited  the 
rather  dormant  mycelium  to  rapid  and  vigorous  growth.  It  is  clear, 
however,  that  the  rapid  development  of  new  mycelium  from  the  pieces 
of  spawn  brick  inserted  is  not  so  important  a  factor  as  suitable 
conditions  for  continued  growth.  If  the  temperature  falls  rapidly 
from  90°  F.  after  spawning,  however,  no  injury  may  result.  Never- 
theless, it  is  to  be  considered  an  unfortunate  condition. 

The  bricks  of  spawn  may  be  broken  into  from  ten  to  twelve  pieces, 
from  IJ  to  2  inches  square.  These  pieces  may  be  inserted  about  1 
inch  beneath  the  surface  of  the  manure.  In  flat  beds  they  may  be 
placed  from  10  to  12  inches  apart  throughout  the  bed,  and  in  ridge 
beds  the  pieces  should  be  inserted  on  each  side  alternately,  one  near  the 
top  and  the  next  near  the  bottom.  It  is  well  to  insert  the  pieces 
vertically,  as  the  mycelium  does  not  then  seem  so  readily  to  suffer 
damping  off.  After  spawning,  the  beds  should  again  be  firmed,  and 
they  are  then  ready  to  be  cased  or  loamed  whenever  this  process  may 
seem  most  desirable.  At  the  time  of  spawning  the  beds  should  be  in 
the  best  condition  possible  for  the  growth  of  the  mycelium.  Delay 
in  growth  at  this  time  is  one  of  the  surest  indications  of  a  light  yield. 
If  the  bed  contains  the  proper  amount  of  moisture,  and  if  the  walls 
and  floors  of  the  house  or  cellar  are  sprinkled  occasionally,  so  as  to 
maintain  a  moist  condition  of  the  atmosi)here,  it  is  possible  to  avoid 
wholly  the  use  of  water  upon  the  beds  immediately  after  spawning. 
In  no  case  should  a  bed  recently  spawned  be  heavily  watered.  The 
surface  may  be  sprinkled,  if  there  is  a  tendency  toward  drying  out. 
The  same  test  for  moisture  content  as  has  been  outlined  previously 
in  these  pages  in  the  chapter  on  preparini^  the  manure  should  be 
followed.  The  beds  should  become  gradually  somewhat  drier,  how- 
ever, during  the  growth  of  the  spawn. 

The  absolute  water  content  for  the  bed  at  the  time  of  spawning 
should  1k»  about  40  per  cent,  although  this  will  vary  considerably, 
according  to  the  conditions,  and  especially  with  relation  to  the 
quantity  of  straw  in  the  manui-e. 
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If  the  spawn  grows  rapidly  at  first  and  spreads  throughout  the  bed, 
it  will  not  be  injured  by  a  slight  drying  out,  or  by  a  temperature  even 
IS  low  as  32°  F.  On  the  other  hand,  a  continuous  high  temperature 
for  several  days,  or  excessive  watering,  is  sure  to  result  in  an  irrep- 
irable  injurv'.  In  several  instances  where  the  experimental  beds  of 
the  writer  have  been  made  during  the  late  autumn,  and  where  a 
vigorous  growth  of  spawn  has  been  secured  before  the  advent  of  the 
coldest  weather,  the  beds  have  remained  unproductive  throughout  the 
winter  months,  or  so  long  as  the  temperature  remained  intermittently 
below  40°  or  50°  F.  With  warmer  weather,  these  beds  have  come 
into  bearing  several  months  later,  and  where  the  temi:)erature  has  then 
remained  favorable  for  some  time  a  good  yield  Jias  been  obtained.  In 
this  case,  moreover,  the  bed  will  bear  much  longer  at  a  temperature 
of  60°  F.,  or  above,  than  if  the  temperature  has  been  constantly  in  the 
neighborhood  of  60°  F.  throughout  the  growing  season  of  the  spawn. 
As  a  rule,  beds  thus  filled  with  spawn  and  then  subjected  for  a  tinie 
to  cold  conditions  yield  at  the  outset  much  larger  mushrooms  than 
beds  exposed  to  a  more  constant  temperature,' even  if  this  constant 
temperature  may  he  the  optimum. 

At  any  rate,  the  l)eds  musl  be  "  cased  "  as  soon  as  convenient  after 
the  spawn  is  inserted.  As  a  rule,  one  should  wait  from  one  to  two 
weeks  in  order  to  Ix^  sure  that  the  spawn  is  growing,  (^asiiig  consists 
in  applying  to  the  l)ed  a  layer  of  loam  from  1  to  U  inches  deep.  In 
France  the  casing  soil  consists  usually  of  calcareous  earth,  sometimes 
mixed  with  loam.  Ordinary  loam  of  almost  any  quality  will  suffice. 
This  should  be  secured  in  advance,  and  it  is  well  to  protect  it  from  the 
weather,  so  that  at  a  convenient  time  it  may  be  worked  over  and,  if 
necessary,  screened,  in  order  to  free  it  from  large  pebbles  or  trash. 
WTien  the  loam  is  applied,  it  should,  on  ridge  beds,  be  carefully 
firmed.  When  cased  a  bed  should  require  watering  for  the  most  part 
merely  to  maintain  a  moist  surface. 

MTTSHBOOM  GBOWING. 

EXPERIMENTS   AT   COLUMBIA,    MO. 

The  practical  experiments  in  mushroom  growing  which  have  l)een 
undertaken  at  Columbia,  Mo.,  were  designed,  in  the  first  place,  to 
determine  the  exact  effect  of  conditions  upon  the  growth  of  mush- 
rooms, and  in  the  second  place  to  test  or  immediately  apply  the 
results  obtained  or  suggested  by  the  laboratory  work.  The  effects 
of  temperature,  moisture,  etc.,  have  already  l)een  discussed,  and  the 
conclusions  drawn  have  been  based  upon  the  most  careful  observa- 
tions of  the  experimental  beds,  as  well  as  upon  the  evidence  which 
has  been  obtained  by  a  personal  study  of  the  conditions  in  connner- 
cial  mushroon)  houses  and  caves  both  at  home  and  abroad.  It  is 
needless  to  give  in  detail  the  record  of  all  failures  or  of  poor  yields 
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invariably  obtained  when  the  conditions  were  unfavorable — ^that  is, 
when  they  were  beyond  the  limits  which  have  been  more  or  less 
definitely  stated  as  requisite.  On  the  other  hand,  the  results  which 
are  given  do  not  represent  the  best  yields  obtained;  they  are  those 
which  seem  to  be  most  instructive. 

The  experimental  work  has  been  seriously  handicapped  in  one  par- 
ticular. With  only  one  set  of  experiments  (those  recorded  in  Table 
VIII)  has  it  been  possible  to  maintain  a  temperature  constantly 
between  50°  and  60°  F.  Unfortunately  a  north  basement  room 
which  gave  those  results  during  the  winter  of  1903-4  has  not  since 
been  available  for  the  work.  The  results  are,  however,  comparative 
when  not  absolute. 

The  results  given  in  Table  VIII  are  referred  to  in  various  parts 
of  this  bulletin.  Attention  should  be  directed  to  the  fact  that  manv 
of  these  beds  were  yielding  well  when  the  experiment  wa>s  neces- 
sarily closed  to  make  room  for  a  second  series  of  experiments 
planned  during  the  same  winter.  Beds  Nos.  6,  9,  13,  25,  and  40,  for 
instance,  each  yielded  between  8  and  15  ounces  the  day  the  exi>eri- 
ment  was  closed,  while  beds  Nos.  2,  10,  14,  23,  26,  30,  and  37  each 
yielded  1  pound  or  more  on  the  same  day. 

It  is  to  be  noted  that  a  considerable  number  of  beds  in  this  series 
produced  more  than  1  i)ound  j^er  square  foot,  and  some  nearly 
2  pounds  for  a  similar  area.  It  is  certain  that  some  beds  would 
have  yielded  more  than  2  pounds  if  they  could  have  been  per- 
mitted to  produce  longer. 


Table  VIII. — Yieldn  of  experimental  mushroom  beds. 


••5 

-^>-«     Material  used  in 
^S  the  bed. 


2 
3 

i 
5 

6 

7 

8 

9 

10 

n 

12 


Source  of  the  bimwh. 


F  ermented  j  Alaska,  old 

horse  manure.  I 

do I  Old  American  made 

do English,    current    year    market 

product. 

do English,  2  years  old 

do English,  1  year  old 

do Alaska,  U.S.  Department  of  Agri- 
culture. 

do Bohemia.    U.   S.  Dei)artment    of 

Agriculture. 

do '  Mixed  varieties,  U.  S.  Department 

of  Agriculture. 

do Bohemia,  U.   8.   Department    of 

,     Agriculture,  light  spawning. 

do Bohemia,   U.  S.    Department    of 

Agriculture,  heavy  spawning. 

do Agaricuft  a mygdalinus,  old. 

Fermented     Bohemia,   U.  S.   Department    of 
horse  manure        Agriculture, 
(bed  left  for  2 
months  before 
being  spawned) 


t 

t 

°-i 

(d 

sa 

BD 

R^ 

!l 

'-  ^ 

u 

°a 

fls 

ft  © 

•IH 

0 

.s 

^ 

PH 

27 

53 

104 
51 


20 


51 
58 
51 
68 
46 


47 
48 
78 
102 
71 


61 


a 


2S 


i 


S  at) 

0 

B 


& 


H'i. 

g  '  %Z  '  *  I  .si, 


§2 


68 
17 
34 


65 


5o 


54   107 


20 
7 


0 

0 

115 

65 

112 

102 

136 

0 
5 


6 

6 
6 

6 
6 
6 

5 

6 

6 

6 

6 
6 


18.0 

ae 

1.0 

0.0 
0.0 

18.  s 

13.0 

18.6 

17.0 

22.6 

0.0 
0.8 
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Table  VUl. — Y'ields  of  experimental  mush nxym  heda — Continued. 


X 


z  c 

a.  > 

IB 


Material  naed  in 
the  bed. 


i 


Soorce  of  the  spawn. 


©a 


u 


o 


at 


u 


gt    . 


13 

14 

15 
1« 
17 


19 
90 
21 

as 


Fermented 
home  manure. 


.do 


Bohemia.  U.   8.    Department   of 
Agriculture. 

do 


40  ,    110 


61       241 


50 
40 


Lieaf  mold 
do 


» 


28 


31 

33 
34 
35 

3B 


3: 


40 
41 


42 


43 


Fermented  sta- 
ble manure: 
bed  fairlycom- 
pact. 

Fermented  sta- 
ble manure. 

do 


Calvatia  cyathiforme 

Bohemia,  U.  ».  Department  of 
Agrricuiture. 

Alaska,  U.  S.  Department  of  Agri- 
culture. 


.do. 


do 
-do 


«J  do.. 

24  do.. 

25  do.. 


.do 


.do 
.do 


do 

Fermented  sta- 
ble manure  and 
5  pounds  cot- 
t(>D-seed  meal. 

Fermented  sta- 
ble manure. 

do 

do 

do 

do 

Fermented  sta- 
ble manure  and 
cotton-seed 
hulls. 

Fermented  sta- 
ble manure: 
bed  heavily 
compreseed. 

do 


Bohemia,   U.   S.   Department  of 

Agriculture. 
Var.?,  U.  8.  Department  of  Agri- 
culture. 
American  commercial  more  than 

1  year  old. 
American  commercial,  Bohemia. . . 

do 

Bohemia.    U.   8.   Department   of 

Agriculture.   Loose  cakes;  dried. 
Bohemia,   U.    8.   Department   of 

Agriculture.     Watered    freely 

late. 
Bohemia.    U.    8.   Department  of 

Agriculture.    Watered  freely. 
Bohemia,   U.   8.   Department   of 

Agriculture. 

do 

do 


English  commercial,  St.  Louis 


Exiglish  commercial,  New  York  . . . 
Bohemia,  Americal  commercial  . . . 

Alaska,  American  commercial 

French,  commercial  flake 

Bohemia,   U.   8.   Department  of 
Agriculture. 


do. 


Fermented  sta- 
ble manure  and 
sphagnum. 

Fermented 
sheep  manure. 

Fermented  sta- 
ble manure, 
cotton-seed 
hulls,  and  cot- 
ton-seed meal. 

Fermented  cot- 
ton-seed hulls 
and  cotton- 
seed  meal. 

Manure  mold 


Var.y,  U.  S.  Department  of  Agri- 
culture. 
do 


do. 
.do. 


Bohemia,    U.    S.    Department   of 
Agriculture. 


.do. 


31 


100 


281 

0 
0 


53 
48 


08 
101 


53  I      06 


30  , 

HO 

37 


53 
51 
46 

40 


I 


40 
46 


111 
46 
22 


42 

80 


55  I      00 
51  I    120  I 


55 
146 


015 


fll 

46 
Hi 

50 
46 

55 


5H 

11 

I 

44! 

18  1 


43    8od. 


45  Old  compost,  left 
2  months  be- 
fore spawning. 


Calvatia  cyathiforme.  Pure  cul- 
tures. 

Bohemia.  U.  S.  Department  of 
Agriculture. 


52 


3 


4fi  I     118         n       180 


53 
67  , 
50 


75       159 


51        03 
30  '    110 


145 
275 


0 


Oi 

42        70        :«       102  I 
46        VO        31       101  I 

0 
143  ' 


104 


46  I    104 

I 

11  '      22  ' 

....:  44 


30  <      57 


5 


2 

0 


5 


I  ^ 
6      27. 


12      23.4 


6 
6 


6 

6 

8 
9 


6 

6 
6 
6 

« 
0 


6 
6 


9 

6 
6 
0 


0.0 
0.0 

21.0 


128 

1 

6 

20.5 

1 

6 

23.3 

m\ 

1 
6 

22.3 

0  , 

6 

0.0 

164 

118 

72 

8 
0 
6 

20.5 
15.2 
12.0 

6       26.6 


15.5 

10.8 

18.1 
30.5 

0.0 

0.0 
17.0 
16.7 

0.0 
15.0 


6       17.3 


6       17.3 


.1  •» 


7.3 
7.1 


0.6 


0.0 
0.6 
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The  series  of  experiments  outlined  in  Table  IX  followed  directly 
upon  the  series  given  in  Table  VTII.  The  beds  in  the  first  series 
were  made  in  midwinter,  and  as  the  manure  had  been  well  fermented 
there  was  little  or  no  rise  of  temperature  after  the  beds  were  made. 
The  spawn  was  therefore  inserted  at  an  unusually  low  temperatiire. 
During  thaws  in  the  late  winter  there  was  considerable  seepage 
through  the  walls  of  the  room.  Some  of  the  wall  beds — Nos.  14  to 
21 — were  seriously  damaged,  but  although  beds  Nos.  7  to  13  were 
also  wall  beds  seepage  was  iiot  evident  in  this  region.  Within  about 
thirty  days  after  vigorous  mushroom  production  began  in  this  series 
the  basement  was  flooded,  and  the  work  was  therefore  brought  to  an 
abrupt  close.  The  yield  up  to  that  time  is  given,  however,  since  in 
this  series  there  are  included  manv  fertilizer  tests. 

Table  IX. — Yields  of  experimental  mushroom  beds  in  a  north  basemcfit  room, 

1904. 
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3 
4 
5 
6 

7 

8 

0 

10 

11 

12 

13 

14a 

15fl 

16n 

17fl 

18a, 

19a 

fS»i 

21a 

22  I 

28 


24 


25 

26 
27 
28 
29 
30 
81 

^ 

88 


BeddinsT  material  and  fertilizer. 


Spawn  iifled. 


Stable    manure    and    ootton-seed 
hulls. 

do I do 

Leaf  mold  and  stable  manure do 

do do 

Stable  manure  and  sphaprnum do 

Stable    manure    ana    cotton-seed  , do 

meal. 

do do 

Stable  manure,  timothy  fed do 

do do 

Stable  manure,  clover  fed ' do 

do ' do 

Stable  manure,  bran  fed do 

....do 
....do 
...do 
....do 
....do 
....do 
-..-do 
----do 
-.-.do 
....do 


Bohemia,  U.  S. 
Agriculture. 


Department  of 


-OS 


48 

48 
48 
48 
61 
61 

66 
78 


.do 


Stable  manure,  com  fed. 

do,... 

Stable  manure,  oats  fed . . 

do 

Stable  manure 

do 


66 
54 
71 
68 


....do - 

....do 

do I. 

Stable  manure  and  complete  fer-   do 

tilizer:  KCl,  1  ounce:   KNO3,  1 

ounce;  bone  meal,  7  ounces. 
Stable  manure  and  incomplete  fer-  , do 

tilizer:  NaNO.H,    1   ounce;    Ijone  I 

meal,  7  ounces.  1 

Stable  manure  and  NaCl,  2  ounces do 

Stable  manure  and  NaNOa,  2ounce«- , do 

Stable  manure  and  MgS04, 2  ounces do 

Stable  manure  and  KsSO^ ,  2ounces do 

Stable  manure  and  kainit,  4  ounces.  1 do 

Stable  manure  and  CaClc,  2  ounces- 1 do 


Stable   manure  and   NasHP04,  2 

ounces. 
Stable  manure  and  (NH4)2S04,  2 

ounces. 
Stable  manure  and  NaNO^,  1  ounce; 

kainit,  2  ounces. 


do 
do 
.do 


80 
71 
66 
71 

68 
48 
64 


64 


66 
48 
66 
64 
64 
64 
64 

54 

68 


g 


33 
38 

as 

4 

64 
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6 
6 
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6 


78 

6 

8 

6 

0 

6 

1 

6 

3 

6 

84 

6 

109 

6 

12 

6 

8 

6 

3 

6 

14 

6 

24 

6 

40 

6 

17 

6 

65 

6 

61 

6 

56 

6 

30 


41 
30 


6 


41 

6 

42 

6 

39 

6 

46 

6 

62 

6 

48 

6 

66 

6 

6 
6 


a  Some  of  the  beds  in  this  block— Nos.  14-21-  were  seriously  injured  by  seepage  water,  and  the 
results  are  untrustworthy. 
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Table  IX. — Yields  of  experimental  mushroom  beds  in  a  north  hasetnent  roam, 

i90^— CJoutlnued. 


11 


I 


Bedding  material  and  fertilizer. 


l^ 

34 
35 

Stable  manure 

do 

m 

3B 

Stable  manure,  lime  dreninfi^ 

Stable  manure^  ammonium  molyb- 
date,  i  ounce. 

Stable  manure,  ZnNOs.  1  err»m 

Stable  manure 

do 

41 

do 

4S 

do 

43 

do 

44 

do 

45 

do 

46 

47 
4S 

Stable  manure  and  aawdust 

Btable  manure 

...do 

Spawn  used. 


s 

^9 

a 

■31 

L    OU1 

bed. 

fe^ 

JA^. 

•3 

\s 


1^ 


< 


English  commercial  (ordered  aH 

freeh*. 
Spawn  from  bed  in  full  bearing. . . 
Bohemia.  U.   S.  Department  of 

Agriculture. 


08 

66 

68 


.do 


Agaricus  amygdalintis 68  < 

Bohemia,  U.   8.    Department  of       64 

Agriculture. 
EngliBb  commercial  (New  York ) . ,     77 
Bohemia,  U.  S.  Department  of       64  i 

Agriculture.  | 

Spawn  from  old  bearing  bed 

IHeurotits  ostreatus | 

EngUsh  commercial  ( Philadelphia ) 

Bohemia,  U.  S.    Department   of   

Agriculture. 

Var.?,  American  commercial ,      48 

Alaska,  American  commennal 64 


84 
12 


(?) 

(?) 
7 
n 

4 
38 

0 
0 
0 
0 

00 
22 


I 


6 

6 
6 

6 

6 
6 
6 

6 
6 

6 
6 
6 
6 

6 
6 


From  the  experiments  giveu  in  the  foregoing  table  further  proof 
is  furnished  of  the  fact  that  stable  manure  alone,  when  of  good 
quality,  is  sufficient  for  the  growth  of  mushrooms.  The  addition 
of  nutrient  salts  as  fertilizers  has  not,  on  an  average,  given  any 
marked  increase  in  yield,  but  rather  the  contrary.  It  is  hardly 
possible  that  the  quantity  of  salts  used  on  the  beds  was  too  little  to 
make  the  effect  felt.  On  the  other  hand,  it  was  not  sufficient  to  be 
injurious.  It  is  evident  from  the  experiment  in  bed  No.  29,  for  in- 
stance, that  the  addition  of  4  ounces  of  kainit  could  not  have  been 
injurious.  In  some  instances  the  results  obtained  by  the  use*  of  fer- 
tilizers were  poorer  than  where  the  manure  alone  w^as  used.  This, 
however,  the  writer  believes  to  be  due  largely  to  differences  in  the 
spawn  used,  or  the  differences  in  condition  owing  to  the  location  of 
the  l)ed,  for  subsequent  experiments  with  some  of  the  salts  which 
seemed  to  be  either  injurious  or  beneficial  have  not  wholly  confirmed 
these  results.  It  is  to  be  noted,  however,  from  the  exi)eriment  in  IxmI 
No.  6  of  this  series  and  also  from  l)ed  No.  30,  in  Table  VIII,  that  the 
l)eds  treated  with  cotton-seed  meal  have  invariablv  viclded  somewhat 
above  the  average.  These  beds  do  not  come  into  Inniring  quite  so  rap- 
idly as  those  in  which  manure  alone  is  used.  It  is  thought  that  this  is 
due  to  the  fact  that  bacterial  action  is  at  the  In^ginning  more  rapid  in 
beds  containing  cotton-seed  meal,  and  that,  consequently,  when  this 
wave  of  bacterial  growth  has  passc»d  the  nutrition  of  the  spawn  is 
favorably  affected.     Experiments  had  already  indicated  that  manure 
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from  animals  which  were  fed  a  poor  diet,  such,  for  instance,  as 
grass  or  hay  alone,  is  much  less  valuable  than  where  the  animals  are 
well  fed.  The  experiments  in  beds  Nos.  10  to  22  were  designed  to 
test  the  value  of  some  different  feeds.  The  writer  was  fortunate  in 
being  able  to  secure  manure  from  work  animals  which  were  being 
used  in  feeding  tests  where  very  different  foods  were  employed. 
Unfortunately,  however,  the  mushroom  beds  were  located  next  to  a 
basement  wall,  and  in  beds  Nos.  14  to  21  the  results  were  vitiated  by 
the  fact  that  there  was  considerable  seepage  water  in  that  region 
during  the  thaws  and  heavy  rains  of  the  spring.  Nevertheless,  it  is 
believed  that  the  experiments  in  l)eds  Nos.  8  to  13  are  trustworthy. 
An  attempt  was  made  to  check  these  results  by  using  some  of  this 
manure  in  tube  cultures,  and  it  was  found  that  the  manure  used  in 
beds  Nos.  8,  9,  10,  and  11  particularly  was  unfavorable  for  the 
growth  of  the  mycelium  even  in  the  pure  cultures. 

On  account  of  its  stimulating  action  upon  the  spores  of  Agaricus 
campestris  a  small  quantity  of  ammonium  molybdate  was  applied 
to  one  bed.  No.  37,  in  order  to  test  its  effect  upon  the  growing 
mvcelium.  Moreover,  since  certain  salts  of  zinc  at  considerable  dilu- 
tion  have  been  found  to  increase  greatly  the  quantity  of  mycelium 
produced  by  other  fungi,  zinc  nitrate  was  employed  in  an  adjacent 
experiment.  The  results  of  these  two  tests  were  the  same.  Thei-e 
was  a  profuse  mycelial  development  and  an  abundant  production  of 
small  deformed  sporophores. 

Table  X  also  summarizes  a  series  of  some  interest.  These  beds  were 
spawned  early  in  November,  1904.  Soon  after  the  spawn  began  to 
sj)read  throughout  the  beds — about  December  15 — the  temperaturt* 
of  the  room  fell  to  40°  F.  From  that  time  on  until  March  1,  1905, 
the  temperature  was  constantly  below  52°,  and  on  several  occasions 
us  low  as  32°  F.  After  two  or  three  weeks  of  warmer  weather  the 
l)eds  Ix^gan  to  bear  vigorously,  and  tlie  nuishrooms,  particularly  the 
first  one.s,  were  of  unusual  size  and  of  excellent  flavor.  Numerous 
individuals  weighed  from  (>  to  8  ounces  immediately  after  the  sepa- 
ration of  the  ring,  and  a  few  mature  specimens  ranged  from  10  to  14 
ounces. 
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Table  X. —  Yields  of  ejcperimetita!  mushroom  hedn — Tftird  series. 


Bed 
No. 

Material  (x>nrttitiitixig  bed. 

Spawn  used. 

Com] 

ati^ 

yield 

bed. 

i  ounc 

t 

i 

) 

1 

1 

j 
1 

1 
1 

1 

1 

f 

par- 
re 

^' 

lee. 

1 

3 
4 
5 

6 

Stable  manare 

do 

do 

do 

do 

do 

do 

do : 

Rnfflifih  commercial,  2  years  old 

Oolnmbia,  "ereen**  spawn,  U.  8.  De- 
partment of  Afrricolture. 

Poor  grade  Enxlisb  commercial,  re- 
cent importation. 

Good  gjade  Encplish  commercial,  re- 
cent importation. 

GKx>d    orade   English    commercial,  6 
montns  old. 

American  commercial 

0 

:o 

16 
48 
441 
RT 

1 
8 

do 

do 

54 

9 

do 

U.  S.  Department  of  Agriculture,  Co- 
lumbia. 

do 

do 

m 

lO 

11 

Rotted  sawdust  and  stable  xnannre 

Ijeavesand  stable  manare 

81 

li 

Sawdust 

do     [ 

H 

13 

Leaves 

do                  ..    .                     ...      . 

6 

14 

Stable  manure 

American  commercial,  probably  A.  ar- 

vengis^  var. 
American,  A.  tnlUtticus 

rti> 

15 

do 

KH 

In  some  publications  on  mushroom  growing  the  claim  is  made  that 
iild  or  practically  exhausted  beds  may  be  brought  into  bearing  again 
by  heavy  fertilization  with  liquid  manure  or  with  a  weak  solution  of 
]M)tassiiim  nitrate.  From  a  commercial  point  of  view,  no  measurable 
success  has  resulted  from  any  trials  of  this  nature  made  by  the  writer ; 
{•onisequently,  it  is  believed  that  exhausted  beds  should  be  immediately 
discarded.  From  the  standpoint  of  mushroom  sanitation,  this  is 
also  particularly  desirable. 

V.VRIABILITY  IN   MUSHROOMS  GROWN   UNDER  DlFFMiENT  CONDITIONS. 

The  writer  does  not  intend  to  discuss  even  in  a  general  way  the 
relationships  of  the  various  forms  of  Agaricus — that  is,  thost*  that 
may  l^e  considered  allies  of  .1.  cam  peat  ris — which  he  has  cultivated  or 
studied  in. the  field.  Some  reference  to  the  variabilitv  of  common 
forms  should,  however,  be  made.  For  a  comi)rehensive  study  of  spe- 
cies and  varieties,  a  knowledge  of  European  forms  as  well  as  of  those 
found  in  America  is  essential.  Authors  differ  so  widely  in  their 
descriptions  of  species,  as  well  as  in  their  conceptions  of  them,  per- 
haps, that  in  the  absence  of  unlimited  material  nothing  short  of  con- 
fusion results  from  any  attempt  to  harmonize  opinions.  It  is  suffi- 
ciently difficult  to  separate  what  many  would  regard  as  varieties  of 
.1.  eampeatriji  from  those  of  A,  ari^enms.  When  specific  rank  is 
l)estowed  also  upon  such  forms  as  .1.  pmfmxls,  A,  rlllatirf/M,  A,  hkkj- 
nificusj  A,  rodmani^  etc.,  the  difficulties  are  greatly  increased.  The 
writer  has  gi'own  many  forms  of  Agaricus,  and,  as  might  be  expected, 
thei"e  seems  to  l>e  no  form  which  will  remain  practically  constant 
under  variable  conditions.     Besides  general  size,  size  of  spores,  etc.. 
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some  of  the  characters  used  in  separating  the  common  forms  are  color 
of  gills ;  character  of  ring,  particularly  as  to  whether  single  or  double ; 
shape  of  stipe ;  color  and  markings  of  pileus ;  color  of  flesh,  etxj.     In 
following  the  development  of  these  characters  in  different  forms, 
many  variations  will  be  found.     Agaricus  campeatri^  grown  on  com- 
posted leaves  shows  very  little  pink  in  the  gills.    The  color  changes 
rapidly  from  dull  pinkish-brown,  or  ahnost  white,  td  a  leaden  hue. 
Several  brown-capped  forms,  usually  considered  varieties  of  A.  cam- 
peHtriH^  never  show   a  bright-pink   surface   unless  produced   under 
exceptionally  favorable  conditions,  moist  air  being  a  sine  qua  non. 
The  ring  is  naturally  variable.     In  any  variety  of  A.  campestris  it  is 
not  uncommon  for  an  edge  of  the  partial  veil  to  remain  attached  to 
the  base  of  the  stem  as  a  volvate  line,  or  this  line  may  be  left  at  any 
>}tage  during  the  elongation  of  the  stem.     Again,  if  the  lower  margin 
of  the  partial  veil  on  the  stipe  separates  slightly  from  the  stipe,  and 
upon  drying  curves  slightly  upward,  there  is  an  indication  of  a  double 
ring.     A  very  good  double  ring  appeared  on  a  number  of  very  vig- 
orous specimens  of  an  undoubted  variety  of  A,  campeatris  during  the 
present  season.     It  is  possible  that  there  is  a  greater  tendency  to  pro- 
duce a  double  ring  when  conditions  are  favorable  for  the  production 
of  the  most   vigorous  mushrooms.     Agaricus  arvensis  is  also  very 
variable  with  resj)ect  to  the  formation  of  a  double  ring,  as  also  in  the 
persistence  of  the  partial  veil. 

The  shape  of  the  stipe  is  in  many  forms  dependent  upon  the  con- 
ditions. Under  favorable  conditions  a  brown  varietv  of  A,  cam- 
peat  riff  may  have  a  very  short,  thickened,  equal  stem,  when  grown  on 
manure,  and  practically  uniform  at  maturity,  w'hile  the  same  form 
grown  on  decayed  leaves  may  show  in  the  main  a  stipe  with  thick- 
ened base,  gradually  tapering  to  the  top.  The  color  of  the  cap  is  of 
undoubted  value  as  a  \':arietal  or  specific  character,  yet  it  must  Be 
nnnembered  that  w^hether  the  surface  be  smooth  or  rough,  merely 
fibrillosts  or  broken  into  scales  of  definite  form,  may  depend  entirely 
upon  whether  produced  in  moist  air  or  in  dry  air,  subjected  to 
drying  after  being  wet,  etc.  The  color  of  the  flesh  is  also  dependent, 
to  a  considerable  extent,  upon  the  conditions.  A  specimen  gi'own  in 
even  fairlv  unfavorable  conditions  wnll  show  the  flesh  somewhat 
darkened,  and  on  exposure  the  characteristic  pink  tint  will  not  be 
even  momentarily  visible.  In  other  words,  a  considerable  range  of 
variation  nuist  be  anticipated,  and  in  comparisons  there  should  be 
stated  very  clearly  the  conditions  under  which  the  particular  forms 
a IX*  j)roductHl. 

THE  (  I'LTIVATION  OF  VARIOUS  SPECIES  OF  MUSHROOMS. 

In  Table  X  are  given  the  results  of  a  single  te^t  with  Agaricus 
amunin^  or  what  is  supposedly  a  brown  variety  of  this  species,  and 
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also  of  a  single  experiment  with  .1.  rillati(  an.  In  l)oth  cases  the 
yield  was  excellent.  It  is  not  well  to  draw  definite  conclusions 
from  individual  tests,  but  it  is  believed  that  l)oth  of  these  forms  will 
rield  profitably  in  general  culture  under  ccmditions  similar  to  thos#» 
required  for  A,  carnpeHtri^.  Plate  III,  figure  2,  indicates  the  size 
and  compactness  of  the  mature  sporophore  of  .1.  rilhiticnH,  More- 
over, both  of  the  species  above  referred  to  are  to  l)e  recommended 
for  texture  and  flavor.  Two  forms  of  Aganc^fH  fahace^i^  (see  PI. 
III.  fig.  1),  both  with  amygdaline  odor  and  flavor,  have  been  tried 
in  relatively  few  experiments.  .  In  no  case  luis  the  yield  Ix^en  very 
«rood,  and  further  experiments  will  be  required  Ixi^fore  it  will  l>e  pos- 
sible to  state  under  what  conditions  these*  forms  mav  be  most  sue- 
ce^fully  grown.  At  the  Missouri  Botanical  (xarden  l*rof.  William 
Trelease  has  for  some  time  grown  successfully  one  of  thes<»  varieties. 

Owing  to  the  profuse*  and  rapid  growth  of  the  mycelium  of  Copn- 
inix  comntHH  in  pure  cultures,  it  was  anticipated  that  it  miglit  easily 
i)e  grown  in  beds.  The  few  exjH»riments  tluis  far  made  indicate  that 
in  impure  culture^s  (beds)  of  leaf  mold  the  mycelium  grows  and 
spreads  very  slowly.  Hot  weather*  prevented  the  maturity  of  the 
tests,  but  no  sporophores  were  produced  during  a  considerable  j)e- 
riod.  In  similar  experiments  Lepiota  rhacodeH  and  Trlchohyma  per- 
^onntuin  were  used.  The  former  has  given  misatisfactory  results  thus 
far,  but  the  latter  is  promising. 

It  is  not  yet  time  to  report  on  the  possibility  of  growing  the  better 
and  larger  species  of  puffballs  and  the  morel.  It  has  alreaay  been 
indicated  that  the  mycelium  of  these  fungi  grows  well  in  pure  cul- 
tures. From  the  pure  cultures  it  has  also  been  demonstrated  that 
spawn  may  be  made,  but  it  has  not  been  determined  under  what  con- 
ditions the  fruit  may  be  produced.  Figure  1  on  Plate  lA^  shows  a 
young  specimen  of  one  of  the  putfballs,  CaJratia  craniifofmis^  the 
spawn  of  which  is  produced  with  the  least  difficulty. 

COOPERATIVE   EXPERI  MEN TS. 

During  the  v/inter  of  1902-3  a  small  quantity  of  experimental 
spawn  made  by  the  writer  was  sent  out  to  mushro(mi  growers  for 
trial;  in  1903-4  this  spawn  was  made  in  large  quantity,  and  trial 
packages  were  sent  to  more  than  100  gi'owers  or  interested  persons. 
At  that  time  Farmers'  Bulletin  No.  204  had  not  l)een  issued,  and  the 
instructions  which  could  be  furnished  inexperienced  growers  were 
inadequate.  Nevertheless,  an  attempt  was  made  to  obtain  reports 
from  all  persons  receiving  the  experimental  spawn,  even  from  thost^ 
who  had  applied  for  and  received  spawn  when  the  season  was  too  far 
advanced  for  successful  work  except  in  caves  and  c(M)1  cellars.  A 
number  of  reports  were  received,  but,  as  might  be  exj)ected,  fully  50 
per  cent  of  these  indicated  that  the  conditions  under  which  the  experi- 
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ments  were  made  were  wholly  unsatisfactory,  and  that,  therefore,  nc 
favorable  results  could  \ye  anticipated.  Among  those  whose  reporti 
indicated  that  the  conditions  were  favorable,  or  fairlv  favorable,  onl\ 
a  small  percentage  rejwrted  failures,  while  four-fifths  of  those  claim 
ing  success  secured  yields  of  more  than  one-half  pound  per  square 
foot  of  bed  space,  many  obtaining  more  than  1  pound  per  sqiian 
foot.  In  two  instances  a  yield  of  nearly  2  pounds  to  the  square 
foot  was  reported.  The  frontispiece,  Plate  I,  a  bed  in  full  bearing 
and  Plate  VII,  figure  1,  showing  the  mushrooms  as  prepared  for  mar 
ket,  are  photographs  furnished  by  cooperating  growers  who  are  now 
also  making  spawn  of  pure-culture  origin.  It  was  suggested  tci 
growers  who  received  the  experimental  spawn  that  a  comparative  test 
of  the  English  or  other  commercial  spawns  with  that  received  from 
the  Department  of  Agriculture  would  be  of  interest.  Comparative 
tests  were  made  and  reported  by  10  growers.  In  most  cases  the 
English  spawn,  obtained  at  random  on  the  market,  failed  to  grow. 
In  only  one  case  did  the  English  spawn  prove  better  than  the  pure- 
culture  i)roduct,  and  in  this  instance  the  spawn  furnished  by  the 
Department  when  used  was  nearly  one  year  old. 

Failures  may  always  be  anticipated  when  attempts  are  made  to 
grow  mushrooms  under  adverse  conditions,  and  it  must  be  said  that 
greater  success  was  obtained  from  the  cooperative  work  than  coidd 
have  been  hoped  for,  considering  the  fact  that  many  of  the  persons 
who  s(»nt  in  reports  were  wholly  inexperienced  and  were  practically 
unguided. 

During  the  present  year  experimental  mushroom  spawn  has  been 
e^ent  to  mor?  than  200  interested  persons,  and  this  will  doubtless  be 
the  last  genor.  1  distribution  of  this  product  by  the  Department  of 
Agriculture.  Hepr^^'enting  the  vi^rieties  of  Af/a7*irff,s  cam  pest  rU 
commonly  grown,  nni  liroom  s])awn  of  piiro-culture  origin  is  now  an 
established  market  j^roduct.  In  order  that  the  standard  of  the 
Amer'can  si)awn  may  be  maintained,  spawn  makers,  dealers,  and 
growers  should  see  to  it  that  only  the  fre -h,  recently  dried  product 
is  used. 

Nevertheless,  it  is  hoped  that  this  cooperative  work  may  be  carried 
forward,  looking  toward  the  development  of  better  varieties  or  the 
bringing  into  culture  and  the  testing  of  new  species. 

GAVE  FAGIIilTIES  IN  THE  UNITED  STATES. 

Cave  facilities  in  the  United  States  are  by  no  means  so  meager  as 
has  lx»en  sup|)osed.  There  are  in  some  sections  caves  from  which 
rock  for  Portland  cement  has  been  mined.  Some  of  these  have  been 
utilized  for  nnishroom  growing.  There  are  also  natural  caves  of 
grtjat  extent  in  many  of  the  States  of  the  Central  West — especially 
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in  Indiana,  Missouri,  Kentucky,  and  Arkansas — as  well  as  in  Vir- 
ginia.* The  difficulty  is  to  obtain  caves  within  a  convenient  distance 
from  cities,  for  stable  manure  becomes  expensive  if  it  must  be  hauled 
many  miles  or  transported  long  distances  by  the  carload.  Again, 
caves  should  be  easy  of  access,  since  after  each  crop  every  vestige  of 
soil,  manure,  etc.,  of  the  preceding  crop  must  be  removed  as  a  sani- 
tary precaution.  This  is  especially  necessary  since  there  is  much 
waste  space  in  most  natural  caves,  and  it  becomes  a  very  difficult  or 
expensive  matter  to  fumigate.  If  the  cave  system  is  extensive,  it 
must  also  be  possible  to  give  it  thorough  ventilation.  Many  natural 
caves  are  the  courses  of  subterranean  streams.  The  latter  are  bv  no 
means  objectionable  if  there  is  no  danger  from  overflow.  In  many 
caves  the  stream  has  long  since  found  a  new  channel  and  the  cave 
is  dry.  Seepage  water,  usually  accompanied  by  continuous  stalactite 
and  stalagmite  formation,  is  undesirable.  In  some  of  the  Eastern 
States  coalpits  or  coal  mines  may  Ik*  important  for  mushrcMmi  pur- 
poses. AAliere  the  coal  mine  is  not  t(M)  deep,  or  where  perfect  venti- 
lation may  be  given,  there  is  no  reason  why  it  is  not  entirely  suitable. 
for  mushroom  growing. 

OPEN-AIB  GUIiTUBE. 

In  some  sections  of  England  and  France  open-air  culture  of  mush- 
Toonns  in  beds  is  practicable  during  the  late  autumn  and  winter 
months,  in  which  case  the  productive  period  may  extend  into  the 
spring.  The  difficulties  in  the  way  of  open-air  culture  are  not  merely 
those  of  maintaining  a  more  or  less  uniform  temperature,  but  also 
of  maintaining  practically  constant  conditions  of  moisture.  F^'or 
these  reasons  it  is  necessarv  to  mulch  the  beds  heavily  with  clean 
straw.  In  some  instances  a  light  mulch  of  straw  is  j)ermitted  to 
remain  even  during  the  period  of  production,  for  a  rapid  drying  out 
of  the  surface  would  be  hazardous  or  fatal.  It  is  l)etter,  perhaps, 
to  put  the  beds  under  some  form  of  protection,  such  as  an  improvised 
cold  frame. 

In  regions  where  the  climatic  changes  are  marked,  open-air  cul- 
ture is  probably  not  to  he  recommended  during  any  season  for  com- 
mercial purposes.  It  is  probable  that  there  are  some  areas  in  the 
United  States  in  which  open-air  culture  might  be  i)racticed  with 
profit.  It  has  seemed  that  certain  sections  of  California  might  he 
favorable  for  this  phase  of  the  work.     In  the  interest  of  experiments 


«  The  writer  is  indebted  to  Prof.  C.  F.  Marlmt  for  the  inforinatiou  tlint  caves 
are  to  be  expected  in  the  Silurian  limestone,  which  occurs  particularly  In  the 
extension  of  the  Shenandoah  Valley,  in  the  blueiajrasR  region  of  Kentucky,  and 
in  the  Ozark  region  of  Missouri  and  Arkansas:  also  in  the  Lower  Carboniferous 
limestone,  which  extends  into  Indiana,  Kentucky,  Tennessee,  and  Missouri. 
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along  this  line  the  writer  has  made  a  special  attempt  to  acquaint 
himself  with  the  conditions  in  that  section  of  the  country.     This  Kas 
seemed  particularly  desirable,  inasmuch  as  fresh  mushrooms  coulcL 
not  be  shipped  to  the  far  West  from  sections  in  which  they  are   at 
j^resent  grown  in  quantity.     From  the  information  obtained  it    is 
thought  that  successful  open-air  mushroom  growing  might  be  antici- 
pated in  those  sections  where  the  average  temperature  is  between 
48*^  and  55°  F.,  provided  there  are  relatively  few  days  when   the 
temperature  falls  as*  low  as  32°  F.     At  the  same  time,  o^^n-air  cul- 
ture can  not  be  reconmiended  for  those  sections  in  which  dry  winds 
are  prevalent.     As  a  rule,  during  the  wet  or  winter  season  the  rain- 
fall is  so  light  that  heavy  mulching  would  probably  suffice  to  prevent 
injury  from  excessive  wetting.     Nev-ertheless,  it  seems  apparent  that 
ev^en  in  regions  most  favorable  for  open-air  culture  some  inexpensive* 
partial  protection  against  the  changes  of  temperatui*e  due  to  direct 
sunlight,  or  against  heavy  rainfall,  would  \k\  desirable. 

It  was  also  ascertained  that  Af/arlrns  (•(niipe.stnH  appears  naturally 
in  some  quantity  during  the  months  of  January  and  February,  or 
longer,  during  the  rainy  season.  This,  however,  is  also  true  of  other 
species  of  fleshy  fungi.  The  large  size  of  some  of  the  specimens  of 
Agaric  us  campeHtris  and  A,  arreiiHus  found  would  seem  to  suggest 
that  they  were  i)roduced  from  an  unusually  vigorous  mycelium. 
This  may  be  the  result  of  a  condition  analogous  to  that  previously 
mentioned,  where,  on  account  of  the  low  temperature  of  the  atmos- 
phere, the  spawn  may  develop  slowly  through  a  considerable  period, 
and  finally,  under  favorable  conditions,  sporophores  of  unusual  size 
are  produced. 

In  the  following  table  are  given  the  monthly  mean  temperatures 
from  several  rej)resentative  stations  in  California  during  the  years 
181)9  and  1000.  From  this  table  it  will  be  seen  that  so  far  as  the 
mean  temperature  is  concerned  Eureka  and  San  Francisco  would  be 
esj)ecially  favorable  during  a  large  portion  of  the  year.  Independ- 
ence and  Red  Bluff  are  likewise^  satisfactory,  while  San  Luis  Obispo, 
Santa  Barbara,  Ijos  Angeles,  and  San  Diego  show  a  mean  which  is 
perhaps  rather  too  high.  The  moisture  of  the  atmosphere,  the 
prevalence  of  hot  winds,  the  variation  in  the  daily  temperature,  and 
the  number  of  hot  or  cold  davs  must  all  be  considered.  From  the 
data  obtained,  the  general  conclusion  seems  to  l)e  that  the  most  favor- 
able regions  are  those  where  conditions  correspond  closely  to  those  of 
Eureka  and  San  Francisco.  This,  however,  represents  a  large  region, 
including  a  considerable  portion  of  the  San  Joaquin  and  of  the 
Sacramento  valleys.  In  a  few  j)laces  experiments  have  already  biH?n 
undertaken  to  determine  the  possibilities  for  the  development  of  this 
work,  but  no  definite  reconunendations  can  be  made  until  the  experi- 
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mental  evidence  is  at  hand.  It  may  be  said,  moreover,  that  some  of 
the  regions  which  seem  to  be  too  warm  for  open-air  culture  may  be 
especially  favorable  during  several  months  at  a  time  for  mushroom 
growing  in  ordinary  cellars,  or  in  very  simply  constructed  mushroom 
houses.  In  those  sections  the  winter  and  early  spring  months  would 
doubtless  give  the  most  satisfactory  conditions;  and  this  period, 
fortunately,  corresponds  with  the  tourist  season — a  season  when  the 
market  demands  are  greatest.  It  is  also  possible  that  with  mulching 
and  with  simple  protection,  mushroom  growing  may  be  successful  in 
^Gme  of  the  Eastern  States. 

Table   XI. — Mean    monthly   temperatures  at   pointn   in    California,   in   deffreen 

Fahrenheit. 


Eureka. 


Month. 


1 

San  PranciHco.        obispo!*      !  Santa  Barbara. 


January.. 
February 
March ... 


April 

aiaV. 


jQoe 

July 

Angnflt 

Heptember 
Otober . . . 
Korember 
December. 


Year. 


itm. 

IHOO. 

1899. 

1900. 

1899. 

1900. 

47.5 

50.4 

53.0 

50.7 

54.2 

66.2 

44.4 

48. 6 

51.6 

53.6 

54.4 

56.2 

48.0 

50.5 

02.2 

55.2 

54.0 

58.2 

4».2 

50.0 

54.6 

64.0 

56.4 

54.2 

49.6 

54.4 

52.6 

57.0 

54.^ 

61.6 

52.0 

56.2 

56.9 

57.6 

62.4 

6:3.9 

54.  H 

56.4 

55.9 

58.2 

64.4 

64.2 

55.9 

57.0 

58.3 

59. 7 

64.0 

64.9 

54.8 

90.6 

58.2 

63.3 

ft5.5 

64.4 

52.0 

53.8 

59.3 

58.8 

59.6 

62.8 

55.9 

53.3 

66.8 

56.3 

57.4 

59.8 

48.0 

50.8 

49.6 

60.2 

54.3 

55.6 

50.9 

58.2 

54.9 

56.2 

58.4 

60.2 

53.0 

55. 4 

54.6 

58.0 

5.V3 

57. 4 

57.9 

59.3 

59.4 

50.4 

62.6 

64.4 

65.5 

f{8.1 

66.9 

68.9 

66.1 

09.9 

62.6 

64.8 

50. 1 

64.7 

55.6 

58.4 

59.9 


62.3 


Month. 


Lob  Angeles.       San  Diego.      Independence.      Red  Blnff. 
1899.    !    1900.        1899.    I    1900.        1899.    !    19a).       1899.    '    1900. 


January. 
I^bmary  . 
Mwxih... 

June 

July ' 

August 

September 
October . . . 
November 
December. 


56 
54 
57 
60 
60 
66 
70 
09 
70 
63 
62 
58 


Year. 


62 


68 
58 
60 
57 
64 
67 
71 
68 
67 
64 
66 
60 


64 


56.0 
63.4 
56.4 
58.0 
58.0 
61.4 
66.6 
65.8 
65.5 
62.7 
61.0 
58.7 


60.2 


57.1 
57.2 
69.1 
57.1 
60.6 
63.9 
67.1 
66.7 
65.3 

eB.8 

63.7 
59.7 


40.2 
46.5 
50.5 
60.4 
60.0 
74.2 
HO.  4 
72.6 
74.6 
55.4 
40.4 
43.1 


61.6        58.9 


46.6 
48.1 
54.9 
62.0 
65.8 
75.4 
79.4 
72.4 
63.5 
.58.8 
50.4 
43.4 


59.2 


48.8 
51.6 
52.2 
60.8 
63.2 

n.o 

82.0 
73.8 
78.0 
61.0 
54.4 


45.5 


62.4 


48.8 
51.1 
58.6 
57.6 
67.0 
76.8 
82.6 
77.0 
69.9 
60.0 
.54.8 
4.5.4 


62.5 


•  Footbtlls  or  suburbs  of  Santa  Barbara,  at  an  elevation  of  750  feet  al)ovo  the  city. 

Occasionally  one  reads  of  successful  natural  cultures  of  mush- 
rooms: that  is,  the  production  of  this  plant  in  pastures,  lawns,  etc.. 
under  more  or  less  natural  conditions.  At  Columbia,  Mo.,  the  writer 
W  made  numerous  attempts  to  spawn  plats  in  pastures  and  lawns; 
but  thus  far  failure  has  attended  every  attempt.  The  spawning  has, 
uioreover,  been  tried  at  every  season  of  the  year.  It  is  believed  that 
'n  the  section  of  the  country  mentioned  only  exceptionally  favorable 
**asons  will  permit  any  success  in  this  phase  of  open-air  culture. 
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HUSHBOOM  SPAWN  KAXINa. 

The  mycelium  of  the  cultivated  mushroom  has  long  been  knoura 
commercially  as  "  spawn/'  From  early  times  it  has  been  recognized 
that  mushrooms  may  be  grown  from  spawn,  and  it  is  quite  certain 
that  in  all  attempts  to  propagate  mushrooms  spawn  has  been  used 
for  the  purpose. 

In  France,  in  England,  and  in  other  countries  in  which  the  mush- 
room has  long  been  grown  it  is  recognized  that  it  is  not  profitable 
continually  to  take  growing  spawn  from  one  bed  to  be  preserved  as 
''  seedage  "  for  the  next  crop.     The  common  expression  is  that  the 
spawn  ''  runs  out "  in  about  three  years.     There  seem  to  be  few  or 
no  definite  experiments  indicating  the  exact  conditions  under  which 
the  spawn  in  two  or  three  years  loses  the  power  of  vigorous  mush- 
room production.     Nevertheless,  it  is  the  almost  unanimous  opinion 
of  all  extensive  growers  that  there  is  a  marked  diminution  in  the 
yield  after  several  successive  propagations  from  the  spawn  in  the 
mushroom  bed.     This  has  seemed  to  l)e  true  in  the  writer's  experi- 
ments, although  it  nmst  be  said  that  accidents  to  experiments  under- 
taken have  made  it  impossible  to  report  at  this  time  upon  the  nature 
of  this  running  out.     That  deterioration  does  result  is  apparently  a 
fact  accepted  by  all  scientific  men  who  have  given  attention  to  mush- 
room growing.     It  is  possible,  however,  that  under  certain  conditions 
the  spawn  might  be  repeatedly  propagated  without  loss  of  prolific- 
ness.     It  is  not  necessary  to  enter  here  into  a  discussion  of  possibili- 
ties or  to  attempt  to  explain  why  weakening  might  be  evident  under 
ordinary  conditions. 

A  ''  chance  "  inethod. — For  practical  purposes  it  is  necessary  to 
renew  the  spawn  and  to  secure,  if  possible,  spawn  which  has  not  pre- 
viously weakened  itself  by  the  production  of  mushrooms — known  as 
virgin  spawn.  Natural  virgin  spawn  may  be  found  wherever  "  in 
nature ''  it  has  been  possible  for  the  spores  to  germinate  and  to  pro- 
duce a  mycelium.  Ordinarily  such  so-called  ''  spontaneous  ''  appear- 
ances of  spawn  may  be  anticipated  in  compost  heaps,  rich  garden 
beds,  pastures  near  the  feeding  places  of  animals,  etc. 

Many  attempts  have  been  made  by  practical  growers  to  develop 
^pawn  from  spores,  sowing  the  gill  portions  of  mature  mushrooms  in 
specially  constructed  beds;  but  the  results,  so  far  as  the  writer  is 
aware,  have  not  been  satisfactory.  As  a  rule,  therefore,  growers 
have  l)een  compelled  to  rely  wholly  upon  a  virgin  spawn  which  has 
i)een  obtained  bv  chance.  It  is  said  that  in  the  vicinitv  of  Paris 
some  persons  make  a  business  of  searching  for  this  virgin  spawn, 
which  they  sell  to  the  growers  at  a  high  figure.  It  is  claimed  that 
they  become  so  adept  in  detecting  the  differences  in  the  character  of 
growth,  the  quality  of  odors,  etc.,  that  they  can  distinguish  not  only 
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Agctrious  eampestris,  but  also  some  of  its  varieties.  In  England 
much  of  the  virgin  spawn  has  been  obtained  from  pastures.  AVhere  a 
"•  spontaneous  '•  growth  of  spawn  is  observed,  trenches  are  dug,  and 
these  are  filled  with  good  stable  manure.  The  latter  in  time  becomes 
penetrated,  and  it  is  highly  prized  for  cultural  purposes.  As  a  rule, 
the  virgin  spawn  is  used  in  spawning  beds,  which,  when  well  pene- 
trated, are  torn  down,  and  the  whole  bed  used  as  flake  spawn  in 
spavrning  the  general  crop.  Again,  the  virgin  spawn  may  be  used 
in  spawning  the  brick,  or  cakes,  this  being  the  form  in  which  English 
spaw-n  is  usually  made.  However  adept  persons  may  become  in  the 
identification  of  various  varieties  of  spawn  by  odor,  etc.,  this  must 
be  considered  essentially  a  chance  method. 

^1  "  selectire  "  method. — F>om  what  has  been  said  it  will  be  per- 
ceived that  very  little  advancement  could  l)e  made  in  the  selection  of 
desirable  varieties  of  mushrooms,  in  varietal  improvement  and  the 
like,  so  long  as  the  chance  method  of  securing  spawn  should  prevail. 
The  studies  in  the  germination  of  nuishroom  spores  previously  re- 
ferred to  were  encouraged  by  the  apparent  necessity  of  beginning 
with  spores  from  mushrooms  of  known  qualities  in  order  to  effect 
improvement.     In  recent  years  the  investigations  of  Costantin  <»  upon 
spore  germination  have  found  application  in  a  department  of  the 
Pasteur  Institute.     By  a  secret  method,  mj'celium  is  grown  from  the 
.spores  in  pure  cultures.    These  cultures,  which  are,  of  course,  pure 
virgin  spawn,  are  then  offered  for  sale  to  the  growers.    This  spawn 
does  not  seem  to  have  received  deserved  consideration  on  the  part  of 
the  growers.    The  secret  method  of  effecting  spore  germination  re- 
ferred to  bj-  Repin  ^  has  also  been  practically  applied  by  one  of  the 
largest  seed  firms  in  Paris.     In  general,  however,  French  growers 
have  not  profited  so  much  by  the  new  methods,  j)erhaps  partially  on 
account  of  the  fact  that  these  methods  are  not  known  and  partially 
because  of  the  expense  of  the  new  virgin  s})awn.     It  is  to  be  noted 
that  these  methods  imply  pure  cultures  to  begin  with. 

The  successful  germination  studies  with  chemical  stimulation  men- 
tioned in  this  paper  were  soon  overshadowed  by  the  discovery  of  the 
ease  of  making  tissue  cultures.  The  use  of  the  latter  method  has 
been  the  means  of.  a  sudden  advancement  in  spawn  making  in  this 
crountry  during  the  past  two  years,  for  many  practical  men  have 
been  quick  to  see  the  advantages  which  it  offers. 

Pure-eulUire  precaution.^. — It  has  already  been  stated  that  the 
pure-culture  method  of  making  virgin  spawn  is  not  one  which  will 
prove  successful  in  the  hands  of  wholly  inexperienced  persons,  or  of 
those  who  are  unwilling  to  spend  time  and  use  the  utmost  care  in  the 
manipulation  of  the  cultures  and  the  culture  material.     The  use  of 

a  Cofltantio,  J.,   loc.   cit  &  Ropin,  C,  loc.  cit 
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pure-culture  methods  necessitates  to  a  considerable  extent  a  knowl- 
edge of  the  bacteria  and  molds  which  are  everywhere  present  in   the 
air  and  which  are  especially  abundant  wherever  there  are  dusty    or 
damp,  moldy  conditions.     The  principle  of  making  pure  cultures   is 
briefly  this:  The  materials,  or  media,  and  all  the  vessels  employe<l 
must  be  sterilized,  which  implies  being  heated  at  a  temperature  suffi- 
cient to  kill  all  germs  present  in  the  vessels  or  materials  used..     If 
the  vessels  used  are  test  tubes  or  other  pieces  of  glassware  with  small 
mouths,  they  should,  previous  to  sterilization,  l>e  plugged  with  cotton 
batting.     This  cotton  batting  prevents,  when  carefullj-  manipulated, 
the  entrance  of  germs  from  the  air,  and  therefore  keeps  the  ve^5sel 
or  medium  in  a  pure  or  sterile  condition.     If  such  a  veasel  is  opened, 
this  should  be  done  in  a  room  free  from  currents  of  air  or  falling 
dust  particles;  and,  while  open,  tubes  and  other  apparatus  should  he 
held  in  a  more  or  less  horizontal  position,  so  that  they  will  \ye  less 
liable  to  contamination.     It  follows,  of  coui*se,  that  the  cotton  plug, 
if  removed,  shbuld  not  come  in  contact  with  any  unsterilized  sub- 
stances.    If,  now,  a  small  quantity  of  the  gi'owing  mycelium  of  a 
mushroom  from  a  pure  culture  is  transferred  to  such  a  sterilized 
tube,  using  for  this  transfer  sterile  needles,  or  scalpels,  there  will  be 
little  danger  from  foreign  organisms,  and  the  piece  of  mycelium 
inserted  will  therefore  grow  as  a  pure  culture  free  from  all  other 
fungi  or  bacteria. 

The  thsue-cuUvre  method, — In  making  pure  cultures  of  mushrooms, 
large  test  tubes  or  wide-mouthed  bottles  may  be  used.     These  should 
be  carefully  cleaned,  and,  if  possible,  a  sterilization  should  be  given 
by  means  of  dry  heat  as  a  preliminary  precaution.     In  this  event  the 
tubes  are  plugged  with  cotton  plugs  and  placed  in  a  dry  oven  made 
for  the  purpose.     They  are  heated  to  a  temperature  of  about  150°  C, 
and   this  temperature  should  be  maintained   for  nearly   an   hour. 
Ordinarily,  however,  in  rough  work  it  is  not  essential  to  employ  this 
preliminary  sterilization.     In  either  case  the  tubes  are  next  partially 
filled  (about  two-thirds)   with  the  manure,  or  half -decayed  leaves, 
upon  which  it  is  desired  to  grow  the  virgin  spawn.     A  plug  is 
inserted  in  each  tube,  and  the  tubes  are  then  sterilized  in  a  steam 
boiler  or  under  pressure.     If  sterilized  under  steam  pressure,  as  in  an 
autoclave,  it  is  necessary  to  use  about  15  pounds  pressure  and  to  allow 
the  tubes  to  remain  at  this  pressure  for  from  fifteen  minutes  to  half 
an  hour.     If  the  sterilization  must  be  effected  in  a  boiler  or  in  an  open 
water  bath,  it  can  only  be  done  at  100°  C.,  of  course;  and  it  is  then 
desirable  to  boil  the  tubes  for  at  least  one  hour  on  each  of  two  or  three 
successive  da  vs. 

With  the  tul>es  thoroughly  sterile,  the  next  step  is  to  make  the 
cultures  or  inoculations.     By  the  tissue-culture  method  it  is  implied 
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that  the  inoculations  are  made  from  pieces  of  the  tissue  of  a  living 
iDushrfiom.  It  is  at  this  stage  that  selection  may  be  made.  One 
should  procure  from  a  bed  of  mushrooms  in  full  bearing  a  mushroom 
which  represents  the  most  desirable  qualities  that  are  to  be  found. 
Size,  quality,  and  general  prolificness  must  all  be  considered,  as  well, 
also,  as  other  characteristics  in  any  special  selections.  One  may  de- 
sire, for  instance,  to  select  from  a  variety  which  yields  throughout 
a  long  period — one  which  is  resistant  to  higher  temperatures,  etc. 
Having  found  the  mushroom  from  which  it  is  desired  to  propagate, 
plants  as  young  as  possible  may  be  used,  and  those  which  show  the 
veil  still  intact  are  especially  desirable.  With  a  scalpel,  or  a  pair 
of  forceps,  which  has  been  sterilized  by  passing  the  blade  through  a 
gas  flame,  or  even  the  flame  from  an  alcohol  or  ordinary  lamp,  small 
pieces  of  the  internal  tissue  may  be  removed,  and  these  pieces  trans- 
ferred to  the  tubes,  without,  of  course,  coming  in  contact  with  any 
object  whatever  which  has  not  previously  been  sterilized.  It  is  a 
good  idea  to  wash  the  mushroom  first,  so  that  no  dust  will  be  made. 
The  plant  may  then  be  broken  open  longitudinally  and  bits  of  the 
internal  tissue  readilv  removed  without  fear  of  contamination  when 
one  l>ecomes  adept  in  this  kind  of  manipulation.  Immediately  upon 
inoculation  the  cx)tton  plug  is  replaced  in  the  tul)e,  and  after  all  the 
tubes  are  inoculated  they  should  be  put  out  of  the  dust,  preferably  in 
a  situation  where  the  temperature  is  about  that  of  an  ordinary  living 
room.  In  the  course  of  several  days  a  slight  growth  may  be  evident 
from  the  tissue  if  the  conditions  have  l)een  perfectly  sterile.  In  the 
course  of  a  week  or  more  the  growth  should  l^ecome  very  evident,  and 
in  three  weeks  the  moldlike  development  of  mycelium  should  spread 
to  practically  all  parts  of  the  medium  in  the  tube.  The  method  of 
making  pure  cultures  and  the  laboratory  apparatus  usually  involved 
are  shown  in  Plate  VI,  figure  2. 

When  the  tubes  are  thoroughly  "  run  "  the  contents  may  be  removed 
and  used  in  spawning  brick.  The  contents  of  a  single  tul)e  may 
spawn  several  bricks  when  carefully  employed.  If  no  transfers  are 
jnade  of  the  growing  mycelium  from  one  lot  of  tubes  to  another,  the 
writer  has  not  found  it  at  all  impracticable  or  unfavorable  to  utilize 
this  first  lot  of  bricks  later  in  spawning  others.  No  further  trans- 
fers, however,  should  be  made  from  these  bricks  to  others  under  any 
circumstances  in  spawn  making.  As  elsewhere  indicated,  such  a  con- 
tinuous transference  is  injurious  to  the  vigor  of  the  spawn  and 
diminishes  the  quantity  of  mushrooms  produced. 

The  rammerfial  proaesn. — The  essentials  in  spawn  making  are  (1) 
a  uniform,  compact  manure  brick;  (2)  vigorous  and  well -selected 
virgin  spawn  to  be  used  in  inoculating  the  bricks,  and  (3)  favorable 
conditions  for  the  storage  of  the  bricks  during  the  growth  of  the 
spawn. 
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It  should  be  indicated  that  there  is  no  one  method  of  making  brick 
spawn.  The  process  may  and  will  be  varied  by  each  spawn  maker. 
Any  skill  or  mechanical  devices  which  will  simplify  or  improve  the 
procass  in  any  particular  are  to  be  recommended. 

The  materials  entering  into  the  composition  of  the  brick  are  fer- 
mented stable  manure,  cow  manure,  and  sometimes  a  small  quantity 
of  well-selected  loam.  Perhaps  the  chief  value  of  these  different  con- 
stituents is  as  follows: 

In  the  horse  manure  the  mycelium  grows  most  readily.  The  cow 
manure  binds  the  materials  together  into  compact  brick.  The  loam. 
which  is  perhaps  least  essential,  is  supposed  to  prevent  cracking  or 
hardening  of  the  surface,  and  therefore  contributes  to  the  appearance 
of  the  finished  brick,  at  the  same  time  tending  to  prevent  rapid  fer- 
mentation during  growth.  It  also  in  some  cases  facilitates  the  uni- 
form spread  of  the  mycelium.  If  fresh  manure  is  used,  the  necessity 
of  using  loam  is  perhaps  to  be  empha^sized. 

In  the  experiments  which  have  been  made  under  the  auspices  of 
the  Department  of  Agriculture  these  materials  have  been  used  singly 
and  in  various  combinations,  and  it  is  beyond  doubt  that  the  relative 
proportions  of  these  should  be  determined  by  the  special  conditions 
under  which  the  spawn  is  made.  Excellent  results  have  been  ob- 
tained by  using  a  mixture  of  from  two-thirds  to  three-fourths  stable 
manure  and  the  remainder  cow  manure.  In  this  case  the  compost 
for  the  brick  is  subjected  to  fermentation  previous  to  its  use.  When 
loam  is  employed  it  may  be  used  in  more  or  less  equal  proportion  to 
the  cow  manure;  and  the  quantity  of  stable  manure  should  about 
equal  that  of  the  other  two  ingredients.  If  the  straw  present  does 
not  become  sufficiently  disintegrated  during  the  preparation  of  the 
manure  to  enable  one  to  make  a  smooth  brick,  it  should  be  removed, 
in  part  at  least. 

The  dry  bricks  ordinarily  measure  about  5^  by  8J  by  IJ  (to  1^) 
inches.  They  should  therefore  be  molded  of  somewhat  larger  size, 
perhaps  6  by  9  by  2  inches,  since  there  is  considerable  contraction 
during  drying.  The  mold  consists  merely  of  an  oak  frame  of  four 
pieces  strongly  riveted  together.  It  may  also  be  profitably  lined 
with  thin  steel  plates.  In  molding  the  brick  one  of  two  methods 
may  be  followed:  (1)  The  compost  may  be  thoroughly  wet  or  pud- 
dled ;  then,  with  the  mold  upon  a  board  of  suitable  width,  the  manure 
is  compressed  into  it,  the  mold  removed  from  the  brick  then  formed,, 
and  the  board  pushed  along  for  a  succession  of  such  impressions. 
The  boards  supporting  the  bricks  are  then  disposed  in  racks  and  the 
bricks  dried  for  a  few  days,  or  until  they  may  be  turned  on  edge  for 
further  drying  out.  (2)  The  compost  may  be  used  in  a  condition 
which  is  merely  moist.  It  is  compressed  into  the  brick  with  some 
force,  a  mallet  being  often  employed.     The  brick  thus  obtained  is 
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safficiently  rigid  to  be  immediately  handled  if  necessary.  By  this 
method,  unless  the  compost  has  been  in  excellent  condition,  the  bricks 
are  not  so  smooth  as  might  be  desired  for  commercial  purposes.  In 
some  instances  they  have  then  been  subjected  to  a  repress  process, 
an  old  repress  brick  machine  being  adapted  for  the  purpose.  In 
such  cases  the  bricks  are  made  thicker  to  begin  with.  The  second 
method  has  been  discontinued  by  some  who  at  first  employed  it. 

T^o  methods  are  also  employed  in  spawning:  (1)  The  more  com- 
mon method  is  to  insert  into  the  brick  near  both  ends  a  piece  of  the 
virgin  spawn  obtained  for  the  purpose.     A  cut  is  made  with  the 
knife,  the  spawn  inserted,  and  a  stroke  of  the  knife  effectively  closes 
the  surface.    This  must  be  done  as  soon  as  the  brick  can  bo  readily 
handled.     (2)  The  bricks  are  dried  until  merely  moist  throughout; 
then,  on  being  piled,  nocules  of  spawn  are  placed  between  successive 
bricks,  a  piece  at  each  end.     In  either  case  the  bricks  are  not  piled 
for  the  growth  of  the  spawn  until  in  good  condition  as  to  moisture 
content.     This  should  be  determined  not  by  the  surface,  but  bv  the 
interior  of  the  brick.     In  the  pile  the  surface  will  so<m  become  moist. 
When   the  first  method  is  employed   it  is  sometimes  customary  to 
spread  Ix^tween  the  layers  of  brick  in  the  pile  a  little  moist  manure 
or  sawdust.     It  has  been  determined,  also,  that  the  al)solute  mois- 
ture content  of  the  brick  should  be  about  40  per  cent,  which  is  the 
same  as  for  the  mushroom  bed.     Tests  of  the  moisture  content  of 
bricks  growing  well  have  varied  from  35  to  47^  per  cent. 

Occasional  examination  should  be  made  to  determine  the  tempera- 
ture and  the  extent  of  growth.  In  order  that  the  bricks  may  become 
thoroughly  penetrated,  more  than  a  month  will  usually  be  required. 
The  most  favorable  conditions  for  the  growth  of  the  spawn  are 
practically  the  same  as  for  mushroom  growing.  A  fairly  moist 
atmosphere,  maintained,  if  necessary,  by  spraying,  and  a  more  or 
less  uniform  temperature  (55°  to  60°  F.)  are  to  be  preferred.  The 
size  of  the  piles  will  depend  upon  the  other  conditions;  but  if  there 
is  anv  danger  of  considerable  fermentative  activitv  the  bricks  should 
be  so  disposed  as  to  permit  perfect  ventilation  between  two  or  more 
adjacent  rows. 

When  the  bricks  are  thoroughly  ''  run  "  they  are  dried  under  cover 
before  l)eing  shipped  or  stored  in  bulk,  since  in  a  moist  brick  the 
spawn  would  continue  to  gi'ow  and  would  soon  produce  small  mush- 
rooms or  else  would  become  moldy.  Well-penetrated  bricks  of  spawn 
are  shown  in  Plate  VII,  figure  2.  The  areas  of  mycelial  growth 
should  be  evident  to  the  eye.  The  growth  should  be  moldlike,  how- 
ever, rather  than  composed  of  very  large  threads  or  fibers. 

The  suggestion  made  in  a  previous  publication  that  mushroom 
spawn  should  be  sold  by  the  brick  (with  a  uniform  standard  of  size) 
seems  to  have  been  adopted  by  American  makers.     The  trade  names 
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suggested  for  tlie  conimon  types  of  AyanruH  ((nnpestrta  in  culture 
have  also  come  into  use.  It  is  certain  that  these  names,  Alaska, 
Bohemia,  and  Columbia,  designating  respectiv^ely  a  white,  a  broi^'ii, 
and  a  more  or  less  cream-gray  form,  do  not  include  all  forms  in 
cultivation.  Until  a  careful  study  has  been  made  of  varieties,  how- 
ever, this  nomenclature  will  enable  spawn  makers  to  keep  in  mind 
certain  types,  and  will  make  it  possible  for  growers  to  ask  for  a 
spawn  yielding  a  color  demanded  by  their  special  markets. 

THE  VITALITT  OF  HUSHBOOM  SPAWN. 

Many  of  the  early  experiments  in  mushroom  growing  undertaken 
by  the  writer  were  made  in  the  hope  of  l)eing  able  to  ascertain  the 
more  frequent  causes  of  failure  and  some  of  the  chief  difficulties 
encountered  by  American  mushroom  growers.     The  ordinary  com- 
mercial spawMi  used  by  amateui's,  that  is,  such  as  is  obtainable  upon 
the  market  during  the  winter  months,  was  purchased  wherever  possi- 
ble.    Sjimples  of  this  spawn  were  placed  under  conditions  which  were 
supposed   to  l)e   most   favorable   for  growth.     Nevertheless,   in    the 
majority  of  cases  there  was  no  indication  of  the  development  of  a 
new  mycelium  from  the  bricks  of  spawn  thus  obtained.     From  these 
results  it  was  suspected  that  much  of  the  spawn  which  reaches  the 
amateur  grower  may  be  considerably  injured,  or  ev'en   killed,   by 
transportation  or  improper  conditions  of  storage ;  for  it  must  be  sup- 
posed that  most  of  this  spawn  is  in  good  or  at  least  fair  condition 
when  exported  from  Europe. 

Subsequently  the  writer  was  able  to  look  into  the  matter  of  spawn 
making  in  Europe  and  France,  and  he  was  convinced  that  the  diffi- 
culty of  securing  good  spawn  in  England  is  not  a  very  serious  factor. 
The  same  is  true  with  reference  to  the  material  which  is  obtained  bv 
both  extensive  and  small  growers  in  France. 

Special  importations  of  some  of  the  commercial  English  and 
French  spawns  were  made,  and  this  was  packed,  shipped,  and  stored 
under  conditions  as  favorable  as  may  ordinarily  obtain.  This  spawn 
was  imported  during  midwinter  and  stored  until  March  or  early 
April,  when  it  was  used  in  spawning  some  experimental  l)eds.  The 
conditions  of  the  experiments  were  practically  the  same  throughout, 
yet  in  not  more  than  half  the  beds  was  there  a  favorable  development 
of  mushroom  spawn.  A  distribution  of  the  French  spawn,  both  the 
commercial  flake  and  the  imi)roved  cake  spawn,  was  made  to  several 
prominent  American  growers.  Some  of  these  growers  experienced 
entire  failure,  while  others  reported  that,  after  a  slow  beginning,  beds 
spawned  with  this  material  made  a  good  yield.  The  general  conclu- 
sion, reenforced  by  obs(»rvation  and  by  the  experience  of  practical 
gi'owers,  could  only  l)e  that  a  large  percentage  of  loss  in  mushroom 
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growing  is  attributable  to  the  injury  suffered  by  the  spawn  after  its 
pFeparation.  This  conclusion  has  been  further  strengthened  by  the 
experience  of  the  past  three  years.  From  Table  VIII,  beds  Xos.  1, 
2A,  5,  and  30,  it  will  be  seen  that,  under  conditions  where  fresh  spawn 
has  invariably  made  a  good  yield,  the  spawn  which  is  more  than  a 
vear  old  is,  for  the  most  part,  seriously  injured  or  killed.  To  be 
eitact,  in  only  one  case  was  there  any  production  of  mushrooms  by 
epawn  which  had  been  kept  for  a  year  or  longer.  It  must  Im*  said  that 
no  attempt  was  made  to  keep  these  spawns  under  similar  conditions  or 
under  the  most  fai'orable  conditions.  For  the  most  part  the  spawn 
'.vas  stored  in  the  dry  laboratory  room,  in  which  the  temperature  was 
more  or  less  variable,  but  never  extreme.  The  old  American  spawn 
which  was  used  in  experimental  bed  No.  1,  in  Table  VIII,  was  stored 
in  a  basement  room  where  the  average  temperature  was  undoubtedly 
ctMiler  than  that  of  the  laboratorv  rot)m. 

From  experimental  lieds  Nos.  1,  o,  4,  and  5,  in  Table  X,  it  is  again 
>e<'n  that  old  spawn  is  unreliable.  In  this  particular  cast*,  the  mate- 
rial was  furnished  by  a  prominent  nnishroom  gi-ower — an  English 
^pawn  importer.  This  spawn  had  been  stored  in  a  dry  house  and 
was  therefore  subject  to  similar  conditions.  In  Table  VIII,  beds 
Xos.  31.  32,  35,  and  in  Table  IX,  Xos.  34,  41,  and  45,  there  is  further 
;)roof  of  the  loss  of  vitality  in  the  imported  spawn  ordinarily  offered 
for  sale  in  many  of  our  cities.  In  these  cases  spawn  was  bought  on 
the  market  just  as  offered  for  sale  to  the  amateur  buyer;  ''best  on 
hand  ""  was  asked  for,  but  no  stipulation  was  made  that  is  should  be 
of  recent  importation,  and  no  guaranty  was  asked.  The  tests  were 
not,  therefore,  to  compare  the  very  best  English  with  the  l)est  Amer- 
ican spawn,  but  merely  to  secure  an  indication  of  some  of  the  causes 
of  failure  by  the  purchase  at  random  of  English  and  French  spawn 
on  the  market.  Even  in  times  past  the  extensive  mushroom  growers 
have  either  imported  their  spawn  direct,  or  made  sure  that  they 
were  obtaining  the  best  product  that  the  market  could  furnish. 
Unfortunately,  it  has  not  been  possible  to  compare,  in  any  experi- 
ments thus  far  concluded,  the  best  English  with  the  best  American 
spawn. 

The  results  seem  also  to  indicate  that  brick  spawn  maintains  its 
vitality  longer  than  the  flake  material,  and  that  brick  spawn  made 
of  loose,  light  material  is  less  retentive  of  vitality  than  that  made 
after  the  formula  conmionly  followed  in  England.  This  proves  to 
\ye  an  unfortunate  factor  to  be  dealt  with  in  the  attempt  to  reduce 
by  all  means  the  weight  of  the  brick.  The  reduction  in  weight 
would  be  most  desirable,  since  freight  upon  this  material  adds  con- 
siderably to  the  price  of  market  spawn.  To  the  poor  keeping  quali- 
ties of  loose  spawn  is  perhaps  due  the  large*  number  of  failures  with 

French  flake  spawn,  and  perhaps  also  some  of  the  failures  with  the 
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newer  form  of  French  brick  spawn.  The  latter  is  made  in  the  fom 
of  very  small,  thin  bricks,  which  are  unquestionably  more  aflFecte< 
by  weather  conditions  than  the  larger  English  bricks. 

These  results  have  seemed  to  demand  that  special  attention  shoulc 
be  given  to  methods  of  spawn  making  in  the  United  States  in  ordei 
that  growers  might  be  able  to  secure  this  product  as  fresh  as  pos 
sible.  Moreover,  it  was  desirable,  as  previously  indicated,  to  at 
tempt  work  leading  to  the  selection  and  improvement  of  varieties 
The  success  of  the  work  in  spawn  making  has  been  almost  all  thai 
could  have  been  anticipated.  By  the  pure-culture  methods  described 
several  firms  are  now  making  grades  of  brick  spawn  which  have 
yielded  remarkably  well.  This  fact  is  now  thoroughly  recognized 
by  a  large  number  of  the  best  growers  throughout  the  country, 
Probably  as  many  as  50,000  bricks  were  sold  during  1904,  and  it  is 
perhaps  to  be  expected  that  several  hundred  thousand  will  be  sold 
during  the  present  year. 

It  is  to  be  regretted  that  it  has  not  yet  been  possible  to  abandon 
the  pure-culture  process  by  means  of  which  the  virgin  spawn  is  made 
while  retaining  the  advantages  of  selection.  Nevertheless,  it  should 
be  remembered  that  the  very  difficulties  of  this  process  insure  its  use 
only  by  those  who  are  able  to  give  it  their  best  attention  and  who  will 
doubtless  develop  it  to  the  fullest  commercial  extent.  It  has  not  been 
supposed  by  the  writer  that  the  work  thus  far  accomplished  will  en- 
able all  mushroom  growers  to  manufacture  their  own  spawn  with 
comparative  ease.  In  other  phases  of  horticultural  w^ork  it  is  not  so 
much  to  individual  growers  as  to  progressive  seedsmen  that  we  look 
for  the  best  seed  of  improved  varieties.  The  same  thing  apparently 
must  be  anticipated  in  the  development  of  the  mushroom  industry. 
The  growing  of  selected  spaw^n  may,  in  general,  become  a  specialized 
process. 

Nevertheless,  it  is  believed  that  in  time  a  method  of  spawn  pro- 
duction from  spores  without  pure-culture  precautions  will  be  devel- 
oped. The  necessity  of  developing  immediately,  or  placing  on  a 
practical  basis,  the  pure-culture  process  has  temporarily  directed  the 
experimental  work  along  other  lines. 
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PREFACE. 


In  view  of  the  interest  in  farmings  without  irrigation  that  is  now 
being  manifested  in  the  arid  portion  of  the  United  States,  an  account 
of  a  region  where  agriculture  is  carried  on  under  extremely  adverse 
natural  conditions  is  particularly  timely.  The  present  paj^er  deals 
with  a  highly  developed  system  of  date-palm  culture  in  the  Oued 
Souf,  a  remarkable  and  little-known  part  of  the  Sahara  Desert  in 
northern  Africa.  Strictly  speaking,  it  is  not  dry-land  agriculture 
with  which  we  have  to  do  in  the  Souf  region,  for  while  the  rainfall 
Ls  practically  nothing  and  irrigation  is  impracticable,  the  roots  of  the 
trees  quickly  find  their  way  to  ground  water.  However,  it  is  quite 
possible  that  similar  conditions  maj'  be  found  to  exist  in  this  country 
in  some  parts  of  the  desert  region  of  the  Southwesf ,  and  that  the  Souf 
>ystem,  with  or  without  irrigation,  can  be  utilized  there  on  a  small 
scale  in  growing  certain  orchard  crops  with  a  view  to  forcing  fruit 
to  early  maturity,  so  that  it  can  be  put  upon  the  market  much  in  ad- 
vance of  the  bulk  of  the  crop. 

The  Oued  Souf  was  visited  by  Mr.  Kearney  at  the  end  of  Novem- 
ber, 190i,  the  journey  having  been  made  from  Nefta,  in  southwestern 
Tunis,  where  he  had  spent  several  weeks  in  a  study  of  the  date  palm. 
This  expedition  to  northern  Africa  was  made  under  the  auspices  of 
the  OflBce  of  Seed  and  Plant  Introduction  and  Distribution  of  the 
Bureau  of  Plant  Industry. 

Acknowledgment  is  here  made  to  Captain  Bussy,  Chef  du  Bureau 
Arabe  at  El  Oued,  for  the  cordial  assistance  rendered  bv  him  to  Mr. 
Kearney  during  the  latter's  stay  in  the  Souf  region. 

A.  F.  Woods, 
PathoIogiHt  and  Physiologist, 
Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Washington^  />.  C,  Augvst  22^  1905, 
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AGRICULTURE  WITHOUT  IRRIGATION  IN 
.     THE  SAHARA  DESERT. 


IHTSODUCnON. 

In  the  great  desert  of  northern  Africa,  stretching  across  in  a  belt 
from  southeastern  Algeria  to  the  borders  of  Tripoli,  is  the  region 
known  as  the  "  Erg."  It  is  a  land  of  enormous  sand  hills,  some  of 
which  reach  a  height  of  500  feet.  Chain  after  chain  of  these  great 
dimes,  with  knife-edge  summits  and  steep  slopes  and  trough-like 
valleys  between,  extend  diagonally  northeast  and  southwest  across 
this  part  of  the  Sahara.  (PL  II,  fig.  1.)  It  is  like  an  ocean  caught 
in  a  raging  storm,  with  its  huge  billows  rising  skyward  and  held  fixed 
and  motionless.  Not  a  leaf  nor  a  blade  of  grass,  not  a  bowlder  nor 
a  pebble  mars  the  smoothness  of  the  sand.  Never  is  the  least  trace 
of  water  to  be  seen  on  its  surface.  The  few  drops  of  rain  that  fall 
at  rare  intervals  are  drunk  up  as  soon  as  they  touch  the  thirsty 
ground.  Pure  quartz  sand  it  is,  light  yellow  in  color  and  so  fine  of 
grain  that  the  least  breath  of  air  sends  a  little  cloud  of  it  curling  off 
the  sharp  crests  of  the  ridges.  When  a  hard  wind  blows  the  air  is 
filled  with  it,  the  sun  is  blotted  out  at  noonday,  and  the  traveler  can 
hardly  see  his  horse's  head  in  front  of  him.  The  sharp-cornered 
particles  of  sand  sting  his  face  and  blind  and  bewilder  him.  The 
vague  tracks  of  camels  and  donkeys,  the  only  roads  through  this 
wilderness,  are  quickly  covered  up,  all  landmarks  disappear,  and 
without  an  experienced  guide  one  is  sure  to  be  hopelessly  lost. 

It  is  a  desolate  and  unfriendly  landscape,  yet  at  times  not  without 
a  weird  beauty  of  its  own.  When  the  sun  is  high  the  glare  is  blind- 
ing and  there  is  little  to  attract  one  in  the  scene.  But  in  the  early 
morning  and  the  late  evening  the  sand  assumes  a  golden  color,  and 
the  dense  black  shadows  cast  by  the  dunes  bring  out  their  contours 
in  sharp  relief.  Then  their  surface  is  seen  to  be  modeled  by  series 
of  delicate  ripple  marks  left  by  the  wind,  and  one  finds  it  hard  to 
believe  that  when  he  climbs  the  next  high  ridge  he  will  not  see  the 
ocean  at  his  feet. 
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AQBICVLTUBE  IN   THE   SAHABA   DESEBT. 


Who  would  suspect  that  amid  these  mountains  of  bare  sand,  where 
even  the  hardy  shrubs  and  grasses  of  the  desert  find  no  foothold,* 
men  can  live  by  the  products  of  the  soil  ?  Yet  in  the  very  heart  of  the 
Erg,  two  long  days'  ride  east  or  west  from  the  nearest  habitationF, 
ihere  exists  one  of  the  most  highly  developed  agricultural  communi- 
ties in  the  world.  This  is  in  the  country  known  as  the  Oued  Souf, 
situated  in  extreme  southeastern  Algeria  (see  fig,  1),  about  midway 
between  the  oases  of  southwestern  Tunis  and  the  Algerian  oase'j 
known  as  the  Oued  Rirh,  in  which  latter  the  date  pabn  is  grown  by 


—Map  BhowlDg  location  ot  the  Oued  Souf  witb  respect  to  otber 


Europeans  iipon  a  commercial  scale.''  P'rom  El  Oued,  the  capital  of 
the  Souf,  it  is  about  70  miles  southwest  to  Tougourt,  the  chief  town 
of  the  Oued  Kirh,  and  about  the  same  distance  northeaKt  of  El  Oued 
in  Ncfta,  the  nearest  oasis  in  Tunis.  The  elevation  of  El  Oued  is 
about  '2i)7  feet  above  sea  level. 

"  Only  eijiUt  t<i>e<'loii  of  fliiwt'riiig  pliiiits  were  fuuiid  growing  wild  iii  the  Souf 
region  liy  MaMxiiit.     Rw  "  T'li  \i)yuKe  iHitiiiiliiiie  iiii  Sjiliiini."  ii.  24!)  (IJflW). 

*  Sw:  I'hito  II  (ump)  In  Itul.  53,  Uutviiu  of  I'laut  Iuilu»tr)-,  "  The  Date  Palm," 
by  W.  T.  Swingle. 


INTRODUCTION.  1 1 

Prom  the  tops  of  the  lofty  sand  hills  that  surround  El  Oued  an 
excellent  view  can  be  had,  and  there  one  can  form  a  clear  idea  of  the 
diaracter  of  this  remarkable  country.  (See  PL  I,  frontispiece,  and 
PL  II,  fig.  3.)  Assuredly  there  are  few  regions  where  any  sort  of 
agriculture  is  carried  on  under  more  extraordinary  conditions.  As 
far  as  the  eye  can  reach  it  rests  upon  an  expanse  of  pure  sand,  heaved 
up  into  range  after  range  of  dunes.**  In  the  hollows  among  these 
dunes  are  the  gardens  of  date  palms,  sometimes  mere  pockets  contain- 
ing 10  or  20  trees,  sometimes  larger  basins  in  which  are  groves  of  50 
to  100  palms. 

Often  the  bordering  sand  hills  are  much  higher  than  the  tallest 
of  the  palms,  so  that  many  of  the  gardens  can  not  be  seen  until  one  is 
on  the  very  edge  of  the  basin.  In  other  places,  however,  the  ridges 
are  lower  or  gaps  occur,  allowing  a  cluster  of  feathery  crowns  to 
peep  through.  These  are  of  such  a  dark  green  as  to  look  almost  black 
against  the  pale  sand.  A  more  striking  contrast  of  colors  could  not  be 
imagined.  The  trunks  are  rarely  seen  until  one  reaches  the  brink  of 
the  basin  or  pocket  in  which  the  palm's  are  growing. 

We  have  before  us,  in  short,  a  network  ^  of  basins  or  hollows  con- 
taining small  groves  of  date  palms  and  separated  by  great  hills  and 
ridges  of  sand.  The  aspect  of  the  country  is  wholly  diflFerent  from 
the  Oued  Eirh  in  Algeria  and  the  Djerid  in  Tunis,  where  each  oasis 
is  a  dense  continuous  forest  of  date  palms,  containing  often  several 
hundred  thousand  trees,^  and  situated  upon  comparatively  level  land. 

Such,  then,  is  the  country  of  the  Souf,  a  land  where  there  is  prac- 
tically no  rainfall,  where  there  are  no  streams  nor  springs  nor  flowing 
wells  to  furnish  water  for  irrigation,  where  the  soil  is  a  pure  hard 
sand  devoid  of  organic  matter  and  blown  about  in  clouds  by  every 
wind,  so  that  unceasing  vigilance  is  needed  to  keep  the  gardens  free 
from  it,  and  where  the  summer  heat  is  almost  as  great  as  anywhere 
in  the  world.  Yet  here  the  date  palm  grows  to  perfection,  yielding 
fruit  of  better  quality  and  in  larger  quantity  than  elsewhere  in  the 
Sahara.  How  this  has  been  brought  about  we  shall  presently  see  in 
these  pages ;  but  first  we  should  know  what  manner  of  men  are  they 
who  have  developed  a  flourishing  agriculture  in  a  land  where  Nature 
seems  to  frown  most  severely  upon  all  efforts  to  win  a  living  from  the 
soil.  The  race  that  has  succeeded  so  well  in  the  face  of  such  tremen- 
dous obstacles  must  needs  be  an  interesting  one. 

•  The  surface  of  these  dunes  is  easily  moved,  even  by  a  light  breeze,  but  the 
core  is  said  to  be  stationary  and  conii)osed  of  stratified  materials. 

*The  Arab  word  "  erg  "  (plural  areg)  means  "  a  vein." 

<^  In  1899  there  were  only  192,000  date  palms  In  bearing  in  the  entire  Souf 
region. 
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POPULATION. 

There  are  about  25,000  people  in  the  Souf  region,  5,500  of  whom 
inhabit  the  capital  town.  El  Oued,  and  its  immediate  neighborhcK>d. 
Several  distinct  tribes  are  included  in  this  population,  some  being 
chiefly  nomadic  shepherds,  and  others  more  sedentary,  devoting  most 
of  their  time  to  the  care  of  their  gardens.  They  are  for  the  most  part 
a  healthy  and  strong  looking  race,  and  are  much  more  energetic  than 
the  inhabitants  of  other  north  African  oases.  This  is  doubtless 
partly  due  to  the  unceasing  labor  demanded  by  the  conditions  under 
which  they  live  and  partly  to  the  fact  that  their  climate  is  a  healthful 
one,  despite  the  intense  heat  of  siunmer.  There  is  no  standing  water 
nor  even  moist  surface  soil,  and  mosquitoes  are  said  to  be  unknown. 
The  dry  air  and  the  hot  sand  are  not  friendly  to  the  germs  of  con- 
tagious diseases.  The  conditions  are,  therefore,  very  different  from 
those  in  other  oases  of  the  Sahara,  which  are  so  overirrigated  as  to  be 
mere  swamps  in  summer,  scourged  with  malarial  fevers. 

The  inhabitants  of  the  Souf  region,  who  are  called  "  Souafas," 
depend  for  a  livelihood  largely  upon  the  products  of  their  gardens, 
but  they  have  other  resources  as  well.  The  more  nomadic  tribes 
possess  flocks  of  sheep  and  goats.  They  have  almost  a  monopoly  of 
the  trade  of  camel  drivers  in  a  large  part  of  the  Sahara,  guiding 
caravans  eastward  into  Tunis,  westward  to  Bi^ra,  and  far  south 
into  the  heart  of  the  great  desert.  Their  camels  are  considered  the 
largest  and  finest  of  the  Sahara.  The  men  of  the  Souf  are  indefati- 
gable walkers,  thinking  nothing  of  traveling  20  or  25  miles  a  day 
through  the  loose  sand.  Their  camel's-hair  shoes,  tightly  bound 
around  the  ankles,  are  much  better  adapted  to  this  sort  of  travel  than 
the  loose-fitting,  heelless  slippers  generally  worn  by  the  Arabs. 

In  building  their  houses,  as  in  cultivating  their  palms,  the  Souafas 
have  many  difficulties  to  contend  with  that  are  not  experienced  by 
the  dwellers  in  other  oases.  Elsewhere  in  the  Sahara,  sun-dried 
brick,  like  the  Mexican  adobe,  is  the  universal  building  material. 
But  in  the  Oued  Souf  there  is  no  clay  to  be  had.  Consequently  the 
town  of  El  Oued  and  all  the  villages  of  the  region  are  constructed 
with  irregular  masses  of  grayish,  crystalline,  gypseous  rock,  cemented 
by  plaster  made  from  the  same  material,  which  thus  furnishes  both 
stone  and  mortar.  Wood  being  very  scarce,  the  roofs  are  not  flat, 
wooden  ones,  but  consist  of  rows  of  small,  flattened  cupolas,  not 
unlike  old-fashioned  beehive^s,  which  give  a  very  odd  look  to  the  cube- 
shaped  houses.  (PL  II,  fig.  2.)  In  its  architecture,  as  in  everything 
else,  the  Souf  is  unique.  The  immaculate  cleanliness  of  the  villages 
is  surprising  to  the  traveler  who  is  familiar  with  the  filthy  streets  of 
most  Arab  towns.  The  pure,  dry  sand  is  constantly  drifting  among 
the  houses,  and  quickly  buries  all  refuse. 
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OLIMATE. 

Exact  data  in  regard  to  the  climate  of  the  Oued  Souf  are  not  easily 
obtainable.  The  observations  here  given  were  made  chiefly  by  a 
medical  officer  of  the  French  army  during  the  summer  of  1884.*' 
Unfortunately  records  covering  a  period  of  several  years  are  not 
available.^ 

The  summer  temperatures  are  very  high,  few  hotter  localities  being 
kno^vn  in  the  Sahara.  The  monthly  maximum  shade  temperatures 
observed  by  Escard  in  the  summer  of  1884  are  as  follows  (in  degrees 
Fahrenheit) : 


April 93 

May 100 

June 100 

Jaly 122 


August ^ lie.  5 

September 113 

October 91. 5 


In  June,  1904,  a  maximum  of  127.6°  F.  is  said  to  have  been  reached. 
The  sum  total  of  temperature  during  the  summer,  a  factor  of  the 
greatest  importance  in  the  ripening  of  the  finer  varieties  of  dates,  is 
said  to  be  greater  in  the  Oued  Souf  than  in  the  Oued  Rirh  and  the 
Djerid.  At  the  time  of  the  writer's  visit  (November  22-26,  1904) 
cool,  cloudy  weather  prevailed,  and  the  nights  were  decidedly  cold. 

« Escard,  Etude  mMieale  et  climatologique  sur  le  pays  de  TOued  Souf. 
Arcbives  de  MM.  et  de  Pharm.  Milit,  7 :  33  (188(5). 

fr  Since  the  above  chapter  on  climate  was  written  the  records  of  observations 
made  at  El  Oued  during  the  whole  of  1904  and  parts  of  1903  and  1905  have  been 
received,  through  the  courtesy  of  the  Director  of  the  Meteorological  Service  of 
Algeria.  These  observations  necessitate  some  modifications  in  the  previously 
written  discussion  of  the  climate  of  the  Souf.  The  absolute  maximum  tenipeni- 
tnre  at  El  Oued  in  1904  was  121.8**  F.  in  May  instead  of  127.5°  F.  in  June.  The 
absolute  minimum  in  1904  was  32°  F.  The  mean  relative  humidity  during  1904 
at  El  Oued  was  58.8,  which  is  lower  than  the  normal  at  Tozer,  in  Tunis  (00.8), 
bnt  higher  than  the  normal  at  Ouargla  and  Biskra,  Algeria  (47.2  and  48.4,  re- 
i^iectlvely),  and  at  Yuma,  Ariz.  (42.9).  The  sum  of  the  monthly  means  of 
evaporation  at  El  Oued  in  1904  is  156  inches,  while  the  normal  at  Tozer  is  94  to 
98.5  inches.  The  total  precipitation  at  El  Oued  in  1904  was  3.23  inches,  while 
the  normal  yearly  total  is  3.61  inches  at  Ouargla,  6.73  inches  at  Biskra,  5.1 
inches  at  Tozer,  and  2.83  inches  at  Yuma. 

The  observations  on  the  prevailing  direction  of  the  wind  during  1904  and  the 
first  half  of  1905  do  not  agree  with  those  made  by  Escard  and  quoted  in  the 
text,  but  the  data  are  insufficient  for  an  adequate  discussion  of  this  factor. 

As  the  climatic  factor  which  Is  most  important  in  date  growing  is  probably 
the  eflfective  temperature  during  the  ripening  season,  a  calculation  has  been  made 
of  the  sum  totals  of  daily  mean  and  of  daily  maximum  tempera^ires  above 
^.4**  F.  (18°  C.)  during  the  months  of  May  to  October,  1904,  at  El  Oued.  and, 
lor  the  sake  of  comparison,  of  the  sums  for  the  same  months  of  the  same  year 
at  Ouargla  and  Biskra,  Algeria;  Tozer,  in  Tunis,  and  Mecca,  in  the  Salton 
Basin,  California.  Records  at  Mecca  for  May  and  June,  1904.  not  being  avail- 
able,  the  records  for  those  months  at  Imperial,  Cal.,  were  substituted  in  making 
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Almost  every  winter  freezing  temperatures  are  reached,  although 
jirobably  the  minima  are  higher  and  frosts  are  less  frequent  in  the 
Oued  Souf  than  at  Tougourt  and  at  Tozer.  In  the  winter  of  1903-4 
the  absolute  minimum  was  32°  F.,  and  for  several  preceding  winters 
27°  F. 

In  respect  to  atmospheric  humidity,  the  absence  of  surface  water 
probably  tends  to  keep  the  air  drier  than  is  generally  the  case  in  the 
oases  of  the  Sahara. 

The  rainfall  is  said  to  be  even  less  than  in  the  Oued  Rirh,  wh'^re 
the  average  yearly  precipitation  (at  Tougourt)  is  only  5.3  inches. 
Most  of  the  rain  is  divided  between  two  periods — October  to  Novem- 
ber, and  February  to.  March.  The  rains  are  generally  torrential  in 
character  and  fall  during  several  successive  days,  with  intervals  of 
sunshine. 

The  sky  is  nearly  always  clear  in  summer.  Toward  the  end  of 
August  light  clouds  appear  in  the  morning  and  evening,  but  no  rain 
falls  until  October.    During  the  writer's  four  daj^s'  visit  to  the  Souf 

the  calculations  for  Mecca,  experience  liaving  sliown  that  the  temperatures 
recorded  at  Mecca  and  at  Imperial  are  very  nearly  identical. 

Table  I. — Sum  of  daily  mean  temperatures  above  6^.y  F.  (18°  C.)  from  May  1  to  October 

SI,  190i. 


Locality. 


El  Onedi  Algeria 
Ouargla,  Algeria 
Biskra,  Algeria  . 

Tozer,  Turns 

Mecca,  Oal 


x^ogreos 

Fani^n- 

heit. 


8,672.6 
3,961.3 
8,140.4 
8.881.3 
3,G91.5 


Degrees 
centi- 
grade. 


2,040.3 
2,800.7 
1,744.6 
2,128.5 
1,«6.3 


The  sum  of  dally  means  at  Biskra  for  1904  is  nearly  200°  F.  lower  than  the 
normal,  as  based  ui)on  observations  covering  a  i)eriod  of  10  years  (see  W.  T. 
Swingle,  Bui.  No.  53,  Bureau  of  Plant  Industry,  i).  66),  and  the  sum  at  Mecca 
for  that  year  is  about  400°  F.  lower  than  the  normal  for  Indio,  Cal.,  a  few  miles 
distant 

Table  II. — Sum  of  daily  muximum  temperatures  above  6^.^"  F.   (/S**  C.)   from  May  1  to 

October  .11,  I90k. 


Locality. 

Degrees 
Fahren- 
heit. 

Degrees 
centi- 
grade. 

• 

6,885.7 
6,501.6 
5,219.1 
5,UU8.6 
6,870.1 

8,514.3 

8,612.0 

2,009.5 

8.279.8 

8,639.0 

El  Oned,  Algeria. 
Ouargla,  Algeria . 
Biskra,  Algeria  . . 

Tozer,  Tunis 

Mecca,  Cal  x 


In  calculating  the  sums  of  daily  maximum  temi)eratures  allowance  was  made 
for  mean  monthly  minima  falling  below  04.4°  F.,  in  accordance  with  the  prac- 
tice suggeste<l  by  Swingle  (ibid.,  p.  67).  The  sum  of  daily  maximum  tempera- 
tures at  Biskra  during  May  to  October,  1904,  is  about  250°  F.  lower  than  the 
nonnal  for  12  years  (Swingle,  ibid.,  p.  (xS).  The  sum  for  Mecca  is  about  700° 
F.  lower  than  that  for  Imi)erial,  Cal..  in  1902. 
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at  the  end  of  November  the  sky  was  overcast  about  half  of  the  time, 
and  there  were  occasional  gusts  of  cold,  drizzling  rain. 

Winds  are  probably  more  frequent  and  more  violent  in  the  Oued 
Souf  than  in  the  other  groups  of  oases  mentioned.  It  would  appear, 
in  fact,  that  windiness  is  the  ordinary  condition  there.  During  the 
winter,  northwest  and  northeast  winds  prevail.  From  April  to 
October,  however,  the  wind  is  generally  from  the  south  (the  sirocco) 
or  the  southeast  (the  simoom).  The  sirocco  is  the  hottest  wind,  but 
is  less  frequent  than  the  simoom,  which  is  generally  more  violent  and 
transports  more  sand.  All  these  are  winds  that  blow  more  or  less 
steadily  for  several  hours  and  often  days  at  a  time.  Cyclonic  sand 
storms  also  occur,  arising  suddenly  and  lasting  but  a  short  time. 
Such  storms  are  never  accompanied  by  rain. 

Owing  to  the  lack  of  natural  vegetation  (see  PL  II),  and  the  fine- 
ness of  the  sand  with  which  the  country  is  covered,  strong  winds 
carry  with  them  a  great  deal  of  material,  so  that  the  face  of  the  land 
is  being  constantly  altered.  This  is  shown  by  the  fact  that  an 
apparently  fresh  wagon  track  noticed  by  the  writer  on  his  journey 
from  Nefta  was  completely  buried  in  many  places  by  large  heaps  of 
sand.  During  his  four  days'  stay  in  the  Souf  country,  a  strong  wind 
blew  constantly,  often  making  travel  difficult,  as  the  particles  of  sand 
stung  the  face  and  made  it  hard  at  times  to  keep  the  eyes  open.  The 
air  was  frequently  so  full  of  sand  that  one  could  see  but  a  few  rods 
ahead. 

The  slopes  of  the  dunes  that  border  the  gardens  are  very  steep,  so 
that  w^hen  a  heavy  wind  is  blowing  much  sand  rolls  down  upon  the 
floor  of  the  garden.  Generally  there  is  a  fence  or  palisade  along  the 
crest  of  the  dunes,  made  by  sticking  palm  leaves  or  pieces  of  gypsum 
rock  close  together  (PI.  II,  fig.  3;  PL  III,  fig.  1;  .PL  IV,  fig.  1),  but 
this  only  partly  arrests  the  blowing  and  drifting  sand,  and  it  is  nec- 
essary to  remove  it  frequently  from  the  gardens.  The  task  is  a  labo- 
rious one,  as  the  sand  must  be  carried  up  the  steep  hillside  in  baskets 
and  dumped  on  the  outer  slope  of  the  dunes.  But  if  it  were  neglected, 
in  a  few  years  the  trees  would  be  buried,  especially  in  smaller  gardens. 
The  writer  saw  several  little  gardens  that  had  been  abandoned  by 
their  owners  where  the  basin  was  almost  filled  and  only  the  crowns 
and  a  small  part  of  the  trunks  of  the  trees  still  projected  above  the 
soil. 

Another  injurious  effect  of  the  sand-carrying  winds  is  that  when 
harvested  the  dates  always  have  more  or  less  sand  adhering  to  the 
skin,  and  this  must  be  brushed  or  washed  off  before  they  are  fit  for 
export.  Dates  that  had  been  kept  for  some  weeks  in  the  houses  of 
natives,  and  ev^en  those  freshly  gathered  from  the  ti*ees,  were  very 
unpalatable  to  the  writer  on  this  account ;  although  the  Souaf  as  them- 
selves do  not  seem  to  mind  eating  a  good  deal  of  sand  with  their  dates. 
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WATER  SXJPPLT. 

There  is  no  surface  water  in  the  whole  Souf  country,  excepting, 
possibly,  a  small  sebka,  or  salt  pond,  of  which  the  writer  was  told. 
but  which  he  did  not  see.  There  are  no  natural  springs,  althougli 
ground  water  is  everywhere  very  near  the  surface  in  the  hollovrs 
among  the  dunes.  It  is  said  to  occur  sometimes  in  strata  of  pure 
quartz  sand,  sometimes  in  gypseous  sand.  The  distance  to  standing 
water  is  said  to  reach  as  much  as  40  feet  in  different  parts  of  the 
region,  although  averaging  considerably  less;  but  in  the  bottoms 
of  the  basins  in  which  date  palms  are  grown  it  is  encountered  often 
at  a  depth  of  only  2  or  3  feet  below  the  surface  of  the  soil,  thanks  to 
the  extensive  excavation  that  has  been  done.  In  one  garden,  near 
the  town  of  El  Oued,  the  w^riter  saw  water  standing  at  a  depth  of  6 
feet  in  a  large  hole  that  had  been  dug  to  receive  manure.  The  Souf 
oases  are  believed  to  mark  the  course  of  a  buried  Quaternary  stream ; 
Oued  Souf  means  "  murmuring  river."  ^ 

As  we  shall  presently  see,  the  date  palm  is  not  irrigated  in  the  Souf 
country,  receiving  at  most  a  few  waterings  by  hand  during  the  first 
summer  after  planting.    In  almost  all  the  gardens,  however,  shallow 
wells  occur,^  the  water  of  which  is  used  for  household  purposes  and 
for  irrigating  small  plats  of  garden  vegetables.     (PI.  Ill,  fig.  3.) 
These  are  generally  situated  on  the  slope  of  the  bordering  dunes,  10 
feet  or  less  above  the  bottom  of  the  basin,  and  water  stands  in  them 
at  a  depth  of  10  to  16  feet.     In  the  town  of  El  Oued  the  wells  are 
much  deeper  than  in  the  gardens,  water  standing  in  them  at  30  to  40 
feet.     All  this  water  is  under  a  slight  pressure,  rising  in  the  wells 
about  1.5  feet  higher  than  the  general  water  table.     Small  gardens  of 
vegetables  and  tobacco,^  irrigated  from  deeper  wells,  are  also  located 
in  some  parts  of  the  region  far  above  the  bottoms  of  the  basins.    Prac- 
tically  no  grain  is  raised,  wheat  and  barley  being  brought  by  caravan 
from  other  parts  of  Algeria  and  from  Tunis,  to  be  exchanged  for 
dates. 

o  It  is  difficult  to  obtain  a  very  satisfactory  idea  as  to  the  distribution  of  the 
ground  water  in  tbe  Souf  region,  its  depth  at  various  points,  and  the  amount  of 
excavation  necessary  to  enable  the  roots  of  the  palms  to  reach  it  •easily.  The 
natives  themselves  give  the  most  conflicting  answers  to  questions  ui)on  this 
subject,  and  there  are  serious  discrepancies  in  the  accounts  that  have  been 
published  by  French  authorities  uiK)n  irrigation.  The  whole  matter  evidently 
needs  to  be  carefully  studied  by  competent  hydrographers,  a  study  which  is  cer- 
tainly warranted  by  the  rarity  of  this  type  of  agriculture. 

b  In  1883  Rolland  estimated  that  there  were  4,431  wells  in  the  Souf  region. 

c  Tobacco  growing,  which  is  unrestricted  in  Algeria,  is  a  profitable  industry  in 
the  Souf  country  on  account  of  that  region's  nearness  to  the  frontier  of  Tunis, 
where  the  growing  of  this  crop  is  forbidden  by  law  and  where  the  seUing  of 
tobacco  is  controUed  by  the  government.  Agents  of  the  Tunisian  tobacco 
monopoly  frequently  visit  the  Oued  Souf  to  purchase  supplies. 
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The  plats  of  vegetables  that  are  irrigated  from  wells  in  the  date 
gardens  are  situated  on  terraces  constructed  in  the  side  of  the  sand 
hills,  usually  10  feet  or  less  above  the  floor  of  the  basin.     (PL  III, 
figs.  1  and  3.)    The  well  water  is  raised  by  hand  in  a  shallow  bucket, 
generally  made  of  basketware  covered  outside  with  pitch,  but  some- 
times of  goatskin,  which  is  hung  on  the  small  end  of  a  slender  palm 
trunk  and  coimterpoised  by  a  piece  of  rock  fastened  to  the  large  end. 
The  pole  is  fastened  by  its  center  to  a  crosspiece  that  is  supported  by 
tiwo  vertical  posts  made  of  stouter  palm  logs  or  of  cemented  rock.    The 
bucket  is  emptied  into  a  little  cement  basin  adjoining  the  well  curb, 
whence  the  water  flows  through  a  system  of  small  conduits  into  the 
plats  that  are  to  be  irrigated.    Flood  irrigation  alone  is  practiced.    As 
there  is  no  soil  in  the  region  from  which  ditch  banks  and  ridges  that 
will  stand  up  when  wet  can  be  made,  the  conduits  and  ridges  of  the 
plats,  as  well  as  the  lining  and  curb  of  the  well,  are  made  of  the 
same  dark-gray  plaster  with   which  the  walls  of  the  houses  are 
cemented.    Plugs  of  wool  are  used  for  stopping  the  conduits  at  places 
where  water  is  to  be  diverted  into  the  plats.     Among  the  vegetables 
most  commonly  grown  are  cabbages,  turnips,  radishes,  carrots,  pump- 
kins, melons,  watermelons,  onions,  tomatoes  (a  small-fniited  sort), 
and  peppers. 

In  parts  of  the  Souf  region,  especially  east  of  the  capital  town. 
El  Oued,  the  water  of  the  wells  is  said  often  to  contain  enough  mag- 
nesium and  other  salts  to  make  it  disagreeable  for  drinking.**  West 
of  the  town,  on  the  other  hand,  the  water  is  said  to  be  generally  very 
pure.  The  difference  is  thought  to  be  sufficiently  great  to  have  a 
marked  effect  upon  the  quality  of  the  dates,  the  most  renowned 
Deglet  Noors  of  the  Souf  region  being  produced  near  the  village  of 
El  Amiche,  where  the  water  is  purest.  The  peculiar  character  of 
the  water  supply  of  the  Oued  Souf  is  not  without  advantages.  Emi- 
nent authorities  are  of  the  opinion  that  the  underground  sheet  is 
abundant  and  that  it  is  much  less  liable  to  exhaustion  than  in  the 
Oued  Rirh,  where  numerous  flowing  artesian  wells  exist. 


«  Well  water  in  the  Souf,  according  to  an  analysis  cited  by  Jus  (Les  oasis 
du  Souf  du  D^partenient  de  Constantine,  Bui.  Acad.  d'Hippone,  No.  22,  p.  67 
(1886),  has  the  following  contents  of  solid  matter  in  grams  per  liter  of 
water : 

Sulphates 1.  9993 

Chlorids     .  7769 

Carbonates    ' .  2999 

Nitrates  and  dissolved  orfcanlc  matter .0690 

Silicates,   etc.,   in   suspension .0335 

Total 3.  1786 

Schirmer  (Le  Sahara,  p.  261)  states  that  the  mean  suit  content  of  well  water 
at  £1  Oued  iR  2.77  grams  per  liter. 
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SOILS. 

The  soil  of  the  whole  Oued  Souf  region  is  a  fine-grained,  light- 
yellow  quailz  sand,  which  is  practically  uniform  in  chrfracter  to  a  con- 
siderable depth.*  Here  and  there  beds  of  a  coarse,  rather  soft,  gyp- 
seous rock  occur  at  a  depth,  it  is  said,  of  10  to  20  feet  «nd  in  strata 
1.5  to  10  feet  thick.  The  crystals  of  which  this  rode  is  composed 
are  very  large,  often  1  foot  long.  They  are  often  a]^regated  into 
masses  which,  on  account  of  their  shape,  are  known  as  "  Souf  roses."  * 
It  is  therefore  a  fair  inference  that  the  Souf  soils  are  sufficiently 
rich  in  lime.  They  are  very  poor  in  organic  matter  and  doubtless  in 
nitrogen.     Other  data  as  to  their  composition  are  wanting. 

In  the  eastern  part  of  the  region  the  soil  of  all  the  gardens  is  said 
to  be  somewhat  saline,  and  the  writer  was  told  that  there  is  even  a 
small  sebka  (salt  pond)  in  that  section,  although  he  saw  nothing  of 
these  conditions.  There  is  said  to  be  nowhere  enough  salt  to  injure 
seriously  the  palms  themselves,  but  the  yields  of  fruit  are  diminished 
by  this  cause,  and  the  dates  are  somewhat  smaller  and  of  slightly 
inferior  quality.  Consequently,  palms  in  full  bearing  in  the  gardens 
w^est  of  El  Oued  are  worth  from  two  to  ten  times  as  much  as  those 
in  the  gardens  east  of  that  town.  The  Souafas  do  not  pretend  to 
distinguish  some  varieties  of  the  date  palm  as  being  more  resistant 
to  salt  than  others,  as  do  the  inhabitants  of  the  Djerid  oases,  where 
the  salinity  of  the  soil  is  often  very  pronounced.  Neither  have  they 
adopted  any  special  methods  of  preparing  and  handling  salt  land 
by  drainage,  flooding,  or  otherwise,  as  is  the  case  in  the  Tunisian 
oases.  It  is  fortunate  for  the  Souafas  that  their  soils  are  not  saline, 
or  but  very  slightly  so,  as  it  is  hard  to  see  how  they  could  possibly 
reclaim  strongly  saline  lands  in  view  of  the  conditions  of  water  sup- 
ply in  their  country. 

THE  DATE  GABBENS. 

Let  us  now  have  a  closer  look  at  the  gardens.  (PI.  Ill,  figs.  1 
and  2.)  The  craterlike  basins  which  they  occupy  are  generally  cir- 
cular or  nearly  so,  and  from  35  to  50  feet  deep.  The  bottom  is 
entirely  given  up  to  the  palms.     Descending  to  the  floor  of  the  basin, 

«Accor<liiiK  to  Jus  this  hard  quartz  sand  extends  to  a  depth  of  3.5  to  4.5  feet; 

next  there  are  from  7  to  8.5  feet  of  a  "  reddish  gypseous  sand ; "  and  then  3  to 

3.5  feet  of  either  "  a  fine  quartz  sand  "  or  **  a  yellow  gypseous  sand." 

6 The  ooiiii)osition  of  this  rock,  as  given  by  Jus  (ibid.,  p.  69),  is: 

Per  cent 

Quartz  sand . 37.00 

Clay 5.10 

Gypsum   41.40 

Carbonate  of  lime 3.20 

Carbonate   of   maf?nesiti 1.50 

Water    11.43 
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or  "  ghitan,"  as  the  natives  term  it,  we  find  it  to  be  a  practically  level 
expanse  of  clean,  bare  sand,  checkered  with  the  bright  sunlight  and 
the  singularly  black  shadows  that  are  cast  by  the  trunks  and  leaves. 
(PL  V,  fig.  1.)  The  palms  stand  farther  apart  than  in  the  gardens 
owned  by  natives  in  the  Djerid  and  the  Oued  Rirh,  but  are  not 
planted  in  rows  and  at  equal  intervals,  as  in  the  French  plantations 
in  the  latter  region.  While  native  gardens  elsewhere  in  the  Sahara 
are  a  perfect  jungle  of  various  fruit  trees,  besides  garden  vegetables, 
barley,  and  alfalfa  underneath  the  palms,  in  the  Oued  Souf  one  sees 
only  scattered  pomegranate  and  fig  trees,  and  the  groves  have  an  un- 
familiarly  open  and  bare  look.  While  in  other  oases  the  soil  is 
often  rich  and  black  and  is  almost  always  moist,  here  it  is  quite  dry 
on  the  surface.  One  misses,  too,  the  irrigation  and  drainage  ditches 
by  which  the  gardens  of  the  Djerid  and  the  Oued  Rirh  are  cut  up  into 
small  plats. 

Another  feature  of  the  Souf  date  orchards  that  immediately  at- 
tracts attention  is  the  enormous  thickness  of  the  trunks  of  the  trees. 
They  sometimes  attain  3  feet  in  diameter.  (PI.  V,  fig.  2.)  This  is 
probably  due  to  the  trees  being  comparatively  far  apart,  thus  receiv- 
ing plenty  of  light  and  air  from  every  side,  and  is,  perhaps,  also  to 
some  extent  a  reaction  to  the  buffeting  of  the  sand-laden  winds.  At 
any  rate,  it  is  a  useful  character,  giving  the  trees  power  to  withstand 
the  winds  that  prevail  here  to  a  greater  extent  than  in  the  other 
oases  of  the  northern  Sahara.  The  relatively  small  height  of  the 
palms,  which  rarely  exceed  »30  feet  in  the  Oued  Souf,  gives  them  a 
further  advantage  in  this  respect.  Frequently,  when  the  base  of  the 
trunk  has  become  weakened  and  there  is  danger  of  the  tree  blowing 
down,  the  natives  make  a  "  dokana,"  or  low,  circular  mound  of  soil, 
plastered  on  the  outside,  to  strengthen  it.     (See  PI.  V,  fig.  1.) 

The  palms  are  abnost  invariably  strong  and  healthy  looking.  The 
foliage  is  extraordinarily  well  developed,  and  the  leaves  commonly 
measure  15  to  20  feet  long.  The  yields  of  fruit,  as  stated  by  the 
natives,  are  very  heavy. 

So  unusual  are  the  conditions  under  which  date  palms  are  grown 
in  the  Souf  country  that  further  details  as  to  the  methods  used  by 
the  natives  can  not  fail  to  be  interesting. 

PLANTING. 

As  the  date  palm  is  a  tree  that  requires  a  great  deal  of  water,  it 
can  evidently  be  grown  in  a  dry  country  without  surface  irrigation 
only  in  places  where  its  roots  can  quickly  make  their  way  to  ground 
water.  This  is  exactly  the  condition  obtaining  in  the  Oued  Souf, 
where  the  palms  are  artificially  watered  only  during  the  first  summer 
after  the  offshoots  are  planted,  and  are  then  left  to  shift  for  thein- 
belves,  so  far  as  water  supply  is  concerned. 
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As  we  have  seen,  the  bottoms  of  the  basins  where  the  palms  are 
grown  are  not  only  far  below  the  summits  of  the  surrounding  sand 
hills,  the  height  of  which  is  increased  by  the  sand  removed  in  exca- 
vating the  gardens,  but  are  even  considerably  lower  than  the  mean 
surface  of  the  country.  It  is  said  that  in  starting  a  new  garden  the 
practice  is  first  to  sink  a  well  in  the  bottom  of  the  basin  in  order 
to  find  out  the  depth  at  which  water  stands.  The  floor  of  the  basin 
is  then  scooped  out  until  it  is  so  near  ground  water  that  when  a  hole 
IJ  to  4  feet  deep  is  made  to  receive  the  young  palm  its  roots  will 
have  to  descend  only  about  1  or  1^  feet  to  reach  standing  water.  It 
is  said  that  to  attain  the  desired  depth  it  is  generally  necessary  to 
remove  10  to  20  feet  of  sand. 

The  date  palm  is  always  artificially  planted  in  the  Oued  Souf, 
never  springing  up  spontaneously  from  seed,  as  in  other  oases.  It 
is  never  planted  elsewhere  than  on  the  floor  of  the  basins  among  the 
dunes,  or  at  most  a  very  few  feet  above  the  bottom.  These  basins 
are  probably  in  all  cases  natural  depressions,  but  are  artificially 
deepened  to  facilitate  the  roots  reaching  ground  water.  New  gar- 
dens are  frequently  started  in  unoccupied  basins,  and  old  ones  belong- 
ing to  enterprising  owners  are.  being  constantly  extended  by  cutting 
down  the  slopes  of  the  bordering  sand  hills  and  planting  a  few  palms 
every  year  or  so.  (See  PI.  Ill,  fig.  2.)  The  larger  and  better-situ- 
ated basins  are  now  all  occupied  by  gardens,  and  for  the  newest 
plantations  it  is  often  necessary  to  use  small,  shallow  depressions, 
where  there  is  frequently  room  for  but  half  a  dozen  trees.  Some- 
times the  slope  is  not  cut  down  quite  to  the  level  of  the  older  part  of 
the  garden,  the  new  palms  being  set  out  slightly  above  the  level,  on  a 
terrace  made  in  the  side  of  the  sand  hills.  (PI.  IV,  fig.  1.)  'When 
planted  on  the  slope  or  near  the  foot  of  it,  sections  of  palm  log  or  a 
number  of  palm  leaves  are  placed  on  the  uphill  edge  of  the  hole  to 
check  the  drifting  of  sand  into  it. 

Owing  to  the  scarcity  of  offshoots  in  the  Souf  region,  the  work  of 
extending  the  gardens  does  not  proceed  as  rapidly  as  the  energetic 
population  could  wish.  The  French  attribute  the  nonproduction  of 
offshoots  in  the  Souf  to  the  fact  that  the  palms  are  so  valuable  there 
that  it  does  not  pay  to  let  the  offshoots  develop,  absorbing  a  part 
of  the  energy  that  would  otherwise  go  to  fruit  production.  They 
believe  that  the  Souafas  find  it  actually  cheaper  to  send  to  the  Oued 
Rirh  for  suckers,  paying  40  to  60  cents  apiece  for  them  in  addition 
to  the  cost  of  transportation,  than  to  let  them  grow  on  their  own  trees. 
Economic  considerations  aside,  however,  it  is  probable  that  the  date 
palm  does  not  sucker  as  freely  in  the  Oued  Souf  as  in  other  oases, 
because  of  the  dry  condition  of  the  surface  soil,  never  wet  by  irriga- 
tion, and  because  the  blowing  sand  tends  to  bury  the  young  offshoots 
and  to  lacerate  their  tender  buds.    The  natives,  when  questioned 
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about  the  comparative  rarity  of  offshoots  at  the  base  of  their  palms, 
reply  simply  that  it  is  due  to  the  absence  of  irrigation,  without  going 
Into  details.  Whatever  may  be  the  cause  of  the  deficiency,  there  is  a 
great  demand  for  offshoots,  and  to  supply  this  demand  caravans  are 
jscnt  to  procure  suckers,  especially  of  the  Deglet  Noor  variety,  to  Tou- 
gourt,  or  even  as  far  as  Ouargla,  135  miles  away.  In  those  oases  they 
are  produced  more  freely,  the  palms  being  irrigated. 

Offshoots  for  planting  are  generally  taken  from  the  mother  palm 
about  the  end  of  February.  The  natives  say  that  they  could  be 
planted  even  earlier,  but  in  that  case  the  parent  tree  is  likely  to  suffer 
from  the  ac<»ss  of  cold  air  to  the  wound  made  in  cutting  off  the  sucker. 
In  case  the  offshoots  are  removed  in  midwinter,  their  bases  are  slightly 
charred  before  planting,  and  this  is  thought  to  protect  them  from  the 
cold. 

The  hole  made  to  receive  the  young  palm  is  sometimes  as  much  as 
0  feet  in  diameter,  but  probably  in  most  cases  less.  Its  depth,  as  we 
have  seen,  depends  largely  upon  the  distance  to  ground  water,  being 
generally  1^  to  3  feet  in  the  bottom  of  the  gardens  near  the  town  of  El 
Oued.  A  young  palm  was  seen  near  El  Oued  that  had  been  set  out 
near  a  well  about  6  feet  above  the  bottom  of  a  garden,  in  a  hole  3^ 
feet  deep.     (See  PI.  IV,  fig.  1.) 

The  palms  are  not  set  out  in  straight  lines.  They  stand  much  far- 
ther apart  than  in  gardens  belonging  to  natives  in  other  oases,  20 
feet  being  the  average  distance.  This  wide  planting  is  probably 
necessitated  by  the  poverty  of  the  soil,  which  is  practically  a  pure 
sand,  while  the  almost  entire  absence  of  subsidiary  cultures  makes  the 
bhade  afforded  by  close  planting  less  valuable  than  in  other  oases. 

It  is  estimated  that  the  planting  and  care  of  a  young  Deglet  Noor 
palm  up  to  the  time  it  begins  to  yield  costs  $25  in  the  Oued  Souf,  as 
against  $5  to  $10  in  the  Djerid  oases  of  Tunis. 

CARE  OF   PALMB. 

During  the  first  summer  after  it  is  planted  the  palm  may  receive  a 
few  irrigations  by  hand  with  water  from  the  well  that  is  situated  on 
the  hillside  in  nearly  every  garden,  although  it  is  said  that  frequently 
no  irrigation  whatever  is  given.  While  still  very  small,  before  the 
leaves  have  grown  out  enough  to  project  far  above  the  mouth  of  the 
hole  in  which  it  is  planted,  the  tree  is  protected  from  drought  and 
from  the  cold  of  winter  by  covering  the  hole  with  palm  leaves,  dead 
pumpkin  vines,  etc. 

When  the  palms  are  manured  the  sand  that  has  piled  up  into  a 
low  mound  around  the  base  of  the  tree  is  removed  and  the  soil  beneath 
is  thoroughly  worked.  This  is  apparently  the  only  cultivation  the 
trees  receive. 
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FIGHTING  THE   SAND. 

While  elsewhere  in  the  Sahara  irrigation  entails  the  heaviest  labor 
connected  with  palm  culture,  in  the  Oued  Souf  it  is  the  struggle  that 
must  be  waged  with  the  constantly  encroaching  sand  that  demands 
the  tireless  efforts  of  the  gardeners.     Every  strong  wind  carries  great 
volumes  of  sand.     The  slight  fences  of  palm  leaves  and  the  low  walls 
of  gypseous  rock  that  are  constructed  along  the  crests  of  the  bordering 
dunes  are  only  a  partial  protection  against  this  invasion.     Once  over 
these  weak  barriers,  the  sand  rolls  down  the  steep  slopes  almost  like 
water.     The  danger  is  always  present,  but  is  most  pressing  when  the 
dates  are  ripening.    Then  bunches  of  fruit  that  hang  close  to  the 
ground  can  be  half  buried  by  a  few  hours  of  high  wind,  and  only  the 
most  strenuous  efforts  can  save  them.     If  a  second  storm  occurs  before 
the  bulk  of  the  sand  is  removed,  the  crop  is  hopelessly  lost. 

The  work  of  cleaning  out  the  basins  is  very  laborious,  being  done, 
like  the  original  excavation,  almost  entirely  by  hand.  Travelers  in 
this  region  have  compared  this  work  to  the  activities  of  ants,  rather 
than  of  men.  Laborers  shovel  the  sand  into  baskets  and  carry  them 
in  a  ceaseless  procession  to  the  top  of  the  slope,  their  feet  sinking 
deep  into  the  flowing  sand  at  every  step.  After  a  heavy  sand  storm 
the  work  must  be  continued  from  dawn  to  dark.  In  summer,  during 
the  blazing  midday  hours,  the  heat  is  too  great  for  such  heavy  labor, 
and  the  removal  of  the  sand  goes  on  at  night  and  in  the  early  morn- 
ing hours.  At  times  a  large  part  of  the  jx)pulation  of  the  region  is 
engaged  in  this  heavy  task.  It  is  paid  for  at  the  rate  of  1  cent  for 
every  5  baskets  of  sand,  and  the  laborer  has,  in  addition,  the  privilege 
of  eating  as  many  dates  as  he  desires  in  the  garden  in  which  he  is 
working.  Only  rich  proprietors  use  the  sturdy  little  gray  donkeys 
of  the  Souf  for  transporting  the  sand  from  their  gardens. 

MANURING. 

The  soil  of  the  Oued  Souf  is  practically  nothing  but  pure  sand, 
containing  even  in  the  older  palm  gardens  very  little  organic  matter. 
Manuring  is  consequently  essential  not  only  to  the  production  of  good 
yields  but  even  to  the  well-being  of  the  palm  itself. « 

It  is  not  uncommon  in  the  Souf  country  to  see  palms  that  have 
thick  trunks  up  to  a  certain  point,  above  which  they  contract  more  or 
less  abruptly  to  a  much  smaller  diameter.  In  many  cases,  at  a  still 
greater  height,  the  trunk  again  becomes  thicker.  This  state  of  things 
is  explained  by  the  natives  as  due  to  a  partial  starvation  of  the  tree  at 

«  For  tluit  matter,  inanurlnj?  is  jjeiioraUy  pract'u'od  by  good  fanners  in  tlie 
oases  of  tlie  Oiie<l  Uirli  and  tlie  Djerld,  altlioujjli  tliere  the  j^rovvinK  of  lejnimi- 
nous  food  and  forage  crops  (broad  l)eans  and  alfalfa)  helps  to  restore  to  the  soil 
the  nitrogen  that  is  taken  ui)  by  the  i)alms. 
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the  tinie  when  the  trunk  began  to  diminish  in  size.  If  manure  is 
subsequently  supplied  to  it,  the  palm  is  soon  able  to  return  to  its 
normal  rate  of  growth  and  the  trunk  again  becomes  larger. 

Palms  are  not  manured  until  they  are  10  or  12  years  old.  At  that 
age  each  tree  usually  receives  10  sacks  (5  camel  loads)  of  manure, 
half  of  which  is  applied  on  one  side  of  the  trunk  the  first  year  and 
the  other  half  on  the  other  side  the  following  year.  Thereafter,  in 
order  to  obtain  the  highest  yields,  the  trees  should  l)e  manured  every 
twelve  or  fifteen  years,  although  sometimes  thirty  years  are  allowed 
to  elapse  between  two  manurings.  Older  palms  receive  as  much  as 
U  sacks  of  manure  (7  at  each  application).  Camels'  dung  (see 
Pi.  IV,  fig.  2)  only  is  used  for  date  palms  in  the  Oued  Souf,  although 
in  the  oases  of  Tunis  that  of  donkeys  is  preferred,  the  natives  there 
considering  camel  manure  injurious  where  irrigation  is  practiced. 
The  cost  of  a  sackful  of  camel  manure  in  the  Oued  Souf  was  stated 
by  one  informant  to  be  25  to  30  cents,  while  another  placed  it  at  40 
to  45  cents.     In  either  case  it  is  evidently  an  expensive  article. 

Manure  is  never  used  until  it  is  thoroughly  rotted,  and  even  then  it 
is  not  allowed  to  come  into  direct  contact  with  the  base  of  the  tree. 
It  is  placed  in  a  hole  that  is  dug  to  a  depth  of  3  to  C  fe^t  below  the 
general  level  of  the  floor  of  the  basin  and  at  a  distance  of  5  or  C  feet 
from  the  foot  of  the  palm.  ^Vhen  several  neighboring  palms  are  to 
be  manured  at  the  same  time,  the  hole  is  dug  in  the  center  of  the  space 
among  them,  and  is  made  so  large  that  none  of  the  palms  is  more  than 
fi  feet  distant  from  its  edge.**  The  hole  is  then  filled  with  a  mixture 
of  one  part  manure  and  one  part  of  a  bright  yellow  sand  called 
'*  baker,"  which  is  somewhat  more  loamy  and  probably  contains  more 
gj'psum  than  the  surface  sand  of  the  region,  and  is  obtained  at  a 
greater  depth.  Unmixed  manure  is  never  used,  even  though  thor- 
oughly rotted,  being  considered  injurious  to  the  palm  roots.  The  soil 
removed  in  digging  the  hole  is  never  put  back,  being  ''  dirty,"  as  the 
natives  express  it. 

October  is  considered  the  best  season  for  applying  manure,  al- 
though March  is  also  a  good  time.  Unskillful  growers  sometimes 
manure  their  palms  at  other  seasons,  but  this  is  thought  to  do  more 
harm  than  good.  Sometimes,  \mless  the  hole  is  opened  and  the 
manure  removed  as  soon  as  the  tree  shows  signs  of  injury,  it  is  said 
to  die  from  the  effects  of  manuring  at  the  wrong  period. 

The  effect  of  manuring  upon  the  yield  is  large  and  almost  imme- 
diate. It  is  said  that  a  tree  which  bears  200  pounds  of  dates  one  year 
will  often  give  400  pounds  the  season  following  if  meanwhile  manure 

oQne  such  bole,  freshly  excavated  at  the  time  of  the  writer's  visit,  occupied 
much  the  greater  part  of  tlie  area  among  four  i)a1ms,  l)eing  12  feet  long  and  5 
feet  wide.  It  was  divided  unequally  by  a  narrow  ridge  of  soil  left  in  place. 
The  object  of  this  division  could  not  be  learned. 
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has  been  applied.  No  distinction  between  varieties  is  made  in  the 
Oued  Soiif  in  manuring,  nor,  so  far  as  could  be  ascertained,  in  regard 
to  other  cultural  practices. 

HAR\'E8T. 

At  the  time  of  the  writer's  visit  (November  22-26,  1904:)  the  date 
harvest  had  been  completed  in  all  the  gardens  of  the  Souf  country. 
The  Deglet  Noor  harvest  is  said  generally  to  begin  about  October  25. 
In  the  Tunisian  oases,  on  the  other  hand,  the  harvest  of  Deglet  NcK>r 
and  Fteemy  dates — ^the  two  most  important  varieties — was  at  its 
height  in  November,  and  continued  throughout  December  and  even 
the  earlier  part  of  January.  Of  course,  in  the  latter  case  many  of 
the  dates  were  ripe  long  before  they  were  gathered,  and  the  long 
duration  of  the  harvest  was  largely  due  to  the  relative  scarcity  of  the 
expert  labor  required,  the  crop  being  many  times  as  large  as  in  the 
Souf.  Yet  it  seems  certain  that  in  the  Oued  Souf,  dates,  esi)ecially 
the  Deglet  Noor  variety,  ripen  earlier  than  in  the  Oued  Rirh  oases 
of  Algeria  or  the  Djerid  oases  of  Tunis.  This  would  be  exp^ected 
from  the  fact  that  the  summer  is  drier  and  likewise  hotter  in  the 
Oued  Souf  than  in  the  oases  of  the  Djerid.  Furthermore,  the  situ- 
ation of  the  gardens,  in  hollows  bordered  by  hills  of  light-colored 
sand  that  are  generally  higher  than  the  tallest  palms,  is  favorable  to 
an  early  ripening  of  the  dates,  as  they  must  receive  a  great  amount  of 
additional  heat  by  reflection  from  the  soil.  More  perfect  natural 
conditions  for  forcing  fruit  to  early  maturity  could  probably  not  be 
found  in  the  world.*» 

This  greater  heat  and  dryness  of  the  Souf  climate  affect  the  fruit 
in  other  ways  than  merely  by  hastening  its  ripening.  The  dates  pro- 
duced are  reputed  to  be  the  best  grown  in  the  Sahara.  They  seem, 
as  a  matter  of  fact,  to  be  sweeter  and  at  the  same  time  drier  and  more 
solid  than  in  the  Djerid.  This  is  especially  true  of  the  Deglet  Noor, 
which  is  of  decidedly  firmer  texture,  containing  less  water.  The 
Souf  dates  are  said  to  keep  better  and  to  be  more  adapted  to  export 
than  those  of  the  other  oases,  showing  less  tendency  to  blacken  and 
become  moldy. 

It  was  a  matter  of  regret  to  the  writer  that  the  harvest  was  not 
witnessed  in  the  Souf,  although  it  could  not  l^e  learned  that  the  meth- 
ods followed  there  differ  from  those  practiced  in  other  oases.     So  far 

«  Kolland  (Hydi*ologle  du  Sahara  Algerieii.  Paris,  1804,  p.  222)  describes  the 
])aHiiis  as  "a  sort  of  fiery  furnace,, under  the  influence  of  solar  radiation.  The 
dates  here  attain  perfect  maturity.  Here  are  realized,  l>etter  than  anywhere 
else  in  the  Sahara,  the  conditions  assigned,  by  the  Arab  proverb  to  the  prosperity 
of  the  palm  and  tlie  excellence  of  its  fruits :  *  Its  feet  in  the  water  and  its  head 
in  the  fire  of  heaven.' " 
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as  is  known,  the  pollination  of  the  female  flower  clusters  in  the  spring 
is  also  effected  in  the  same  way  as  in  the  Oued  Rirh.« 

YIELDS. 

It  was  impossible  to  secure  very  reliable  statements  of  yields  from 
the  natives,  but  from  all  that  could  be  learned  these  must  be  unusu- 
ally large  in  the  Souf  country.  The  clusters  of  the  Deglet  Noor  are 
said  frequently  to  weigh  over  55  pounds  each,  and  to  attain  some- 
times 90  pounds.  Single  trees  of  this  variety,  which  is  one  of  the 
lightest  bearing  kinds,  sometimes  yield  as  much  as  330  pounds  in 
the  Oued  Souf.  It  was  estimated  in  1883  that  the  date  crop  from  the 
175,000  palms  (of  all  varieties)  in  full  bearing  then  existing  in  the 
Souf  region  was  7,000,000  pounds.  This  would  mean  an  average 
yield  of  40  pounds  per  tree,  as  against  an  average  yield  of  28  pounds 
estimated  to  have  been  produced  in  the  Oued  Rirh  the  same  year.^ 
A  good  pakn  in  full  bearing  is  valued  at  from  $50  to  $130,  according 
to  the  variety  to  which  it  belongs. 

The  practice  of  planting  the  trees  farther  apart  than  in  other  oases 
is  perhaps  one  reason  for  the  large  yields.  By  wide  planting,  not 
only  do  the  roots  of  each  palm  have  a  larger  feeding  area,  but  the 
trees  do  not  shade  each  other  so  much  and  more  of  the  fruit  can 
develop  and  ripen.  Moreover,  the  climatic  and  topographical  condi- 
tions, as  we  have  seen,  are  exceptionally  favorable  to  the  ripening  of 
dates. 

VARIETIES   CHIEFLY   GROWN. 

As  has  already  been  indicated  in  this  paper,  date  palms  in  the 
Oued  Souf  rarely,  if  evei-,  spring  up  from  seed,  as  they  do  in  other 
oases  where  the  conditions  are  more  favorable  to  the  spontaneous 
development  of  the  palm.  They  are  propagated  only  by  offshoots 
that  are  taken  from  the  parent  tree  and  planted  by  the  grower. 
Consequently  we  do  not  see  a  multitude  of  seedlings,  generally  of 
very  inferior  quality  and  of  almost  endless  diversity  of  characters, 
filling  eveiy  waste  corner  and  roadside  and  even  crowding  out  good 
trees  in  gardens  that  are  not  well  cared  for.  Practically  every  palm 
grown  in  the  Souf  belongs  to  some  well-known  and  well-liked  variety. 

The  number  of  varieties  found  in  this  region  is  considerable. 
Most  of  the  gardens  contain  a  mixture  of  several  kinds,  although  in 
some  of  the  recently  created  ones  the  tendency  is  to  plant  only  one 

«  Described  In  Bui.  5.%  Bureau  of  Plant  Industry,  "The  Date  Palm,"  by  W.  T. 
Swingle.  19(H,  pp.  2(J>2?). 

*  These  estimates  are  quoted  from  Rolland  (Ibid.,  p.  324).  The  overwhelming 
importance  of  the  date  croi)  in  the  Souf  region  is  shown  by  the  fact  that  the 
same  author  states  the  value  of  the  1883  crop  of  dates  to  have  l>een  $301,730, 
while  that  of  all  other  crops  combined  was  only  $20,900  in  that  year. 
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sort,  most  often  the  Deglet  Noor.  Nearly  all  the  popular  varieties 
of  the  Soiif  are  also  common  in  the  Oued  Rirh.® 

On  the  other  hand,  some  of  the  most  characteristic  Souf  types  are 
very  rare  in  the  Djerid  oases  of  Tunis,  only  70  miles  away.  Such 
individuals  as  occur  there  are  mostly  grown  from  offshoots  that  have 
been  brought  directly  from  the  Souf.  The  principal  variety  common 
to  the  two  regions  is  the  Deglet  Noor,  which  is  now  abundant  in 
Tunis,  but  is  said  to  have  been  first  introduced  into  that  country  from 
Algeria  about  two  hundred  and  fifty  years  ago.  The  Souafas  still  .go 
to  the  Oued  Rirh  oases  to  procure  offshoots,  and  they  very  likely 
brought  thence  (hose  with  w^hich  the  first  gardens  were  started  among; 
the  sand  hills  of  the  Souf. 

The  most  important  of  the  numerous  varieties  of  the  Souf,  in  point 
of  abundance  as  well  as  of  quality,  are,  in  about  the  order  named: 
Deglet  Noor,  Rhars,  Tafazween,  Massowa,  Deglet  Beida,  and  Talcer- 
mest.  Of  these  Rhare  is  the  earliest  and  Deglet  Noor  the  latest  to 
ripen.  After  the  Deglet  Noor,  Tafazween  is  the  best  sort  that  is 
widely  grown.  It  is  a  large,  reddish-bay-colored,  translucent  date, 
very  sweet  and  rich  in  flavor.*  A  highly  esteemed  but  very  rare 
variety  is  the  Fezzani,  which  is  said  to  be  superior  even  to  the  Deg-let 
Noor  when  dried,  and  to  keep  well  for  two  years.  Rhars,  a  variety 
that  is  celebrated  for  its  heavy  yields,  is  extensively  planted. 

In  the  Oued  Souf,  as  in  other  oases  of  Algeria  and  Tunis,  the 
Deglet  Noor  is  the  only  variety  that  has  any  importance  as  an  article 
of  export  to  Europe.  It  is  consequently  the  most  valuable,  the  more 
so  because  the  natives  themselvas  generally  esteem  it  above  all  others. 
Deglet  Noor  dates  are  carried  from  the  Souf  by  caravan  to  Biskra, 
whence  they  are  shipped  by  railway  to  the  seaports.  Souf  Deglets 
are  said  to  be  about  the  earliest  to  reach  the  Biskra  market.  Their 
good  keeping  and  shipping  qualities  have  already  been  discussed  as 
probably  due  to  the  peculiar  climatic  conditions,  which  give  them  an 
advantage  over  dates  from  oases  where  the  palms  are  lavishly  irri- 
gated and  the  air  is  moister.  On  the  other  hand,  they  appear  to  be 
smaller  than  those  in  the  Djerid  and  to  be  inferior  in  color  and  gen- 
eral appearance.  The  latter  disadvantage  is  very  likely  due  in  great 
part  to  the  sand-laden  winds  to  which  they  are  exposed.  The  Deglet 
Noor  palm  is  said  to  ho  hardier  in  the  Souf  region  than  elsewhere, 
showing  greater  resistance  to  disease  and  to  unfavorable  climatic 
conditions.  The  foliage  of  the  date  palm  appears  to  be  less  subject 
to  the  attacks  of  scale  insects  than  in  other  oases,  t^hich  is  perhaps 
attributable  to  the  extreme  dryness  of  the  atmosphere. 

o  Exceptions  are  said  to  be  the  Fezzani,  Mnssowa,  AH  Rasbid,  and  Guettara 
varieties. 

6  Twenty  oflfsboots  of  this  variety  were  ol)tained  from  tbe  Oued  Souf  for  trial 
in  the  United  States  through  the  kindness  of  tbe  French  commandant  at  El 
Oued,  Captain  Bussy. 
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CONCLUSION. 

The  type  of  agriculture  practiced  in  the  Oued  Souf  is  not  dry- 
latft  farming,  for  it  depends  upon  the  ground  water,  whidi  in  the 
ffanittBs  is  everywhere  near  the  surface  of  the  soil.  It  affords  us, 
however,  an  excellent  object  lesson  of  what  can  be  done  under  the 
most  adverse  natural  conditions  in  producing  a  valuable  crop,  for 
throughout  northern  Africa  the  Oued  Souf  is  renowned  for  the  large 
yields  of  its  date  orchards  and  the  high  quality  of  their  fruit. 

It  may  te  that  nowhere  in  the  United  States  are  the  conditions  with 
respect  to  ground  water  such  as  to  allow  of  a  close  imitation  of 
affricultural  methods  used  in  the  Souf  country.  One  lesson  is,  how- 
ever,  to  be  drawn  from  them.  The  sand  hills  concentrate  and  reflect 
so  much  heat  that  the  hollows  among  them  are  veritable  forcing 
houses,  whei-e  dates  ripen  considerably  earlier  than  elsewhere.  Have 
we  not  here  a  hint  of  what  may  be  done  in  the  Salton  Basin  and 
perhaps  in  other  hot,  arid  regions  in  the  Southwest  where  large  sand 
dunes  exist,  and  where  artesian  or  other  sources  of  water  supply 
for  irrigation  are  available?  It  seems  certain  that  in  jwckets  of 
this  character  excavated  among  the  dunes  the  Deglet  Noor  and  other 
valuable  varieties  of  dates  could  be  forced  to  early  maturity. 

Dates  ripened  in  this  way  a  few  weeks  ahead  of  the  bulk  of  the 
crop  would  command  a  fancy  price,  es|>ecially  as  the  quality  of  the 
fruit  produced  under  these  conditions  would  in  all  probability  l)e 
exceptionally  fine.  Nor  are  the  possibilities  limited  to  tlie  date 
palm.  Other  fruits,  such  as  figs,  pomegranates,  and  grapes,  could 
perhaps  thus  be  put  upon  the  market  in  advance  of  those  from  any 
other  locality  in  the  United  States.  The  experiment  is  certainly 
worth  trying.  The  American  fruit  grower,  awake  as  he  is  to  every 
new  idea,  may  find  something  w^orthy  of  imitation  in  the  example  of 
these  sturdy  inhabitants  of  a  remote  corner  of  the  Sahara. 
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DESGBIFTION  OF  PLATES. 

Plate  I.  (Frontispiece.)  General  view  of  the  Oued  Souf  region  from  tlie  town  of 
EI  Oued,  showing  sand  dunes  and  sunlcen  gardens  of  date  palms. 

I^ATE  II.  Fig.  1. — High  sand  dunes  east  of  El  Oued.  The  group  is  standing  on 
a  ridge  separated  by  a  ravine  from  the  very  high  dune  in  the  baekground. 
Fig.  2. — A  typical  dwelling  house  of  the  Oued  Souf.  showing  its  cubical 
form  and  roof  oomi)08e<l  of  flattened  eui)olas.  Fig.  3. — (»eneral  view  of  the 
Oued  Souf  region,  showing  Kunken  date  gardens  and  sand  dunes.  Fence  of 
dead  palm  leaves  along  crest  of  dune  in  foreground. 

1*LATK  III.  Fig.  1. — Near  view  of  sunken  palm  garden  and  surrounding  duiH*s. 
Vegetable  gard(»n  in  left  foreground,  showing  small  size  of  checks.  Near  it 
a  young  palm.  |>lanted  in  a  liole.  Fig.  2. — (Jradual  extension  of  a  palm  gartlcn 
by  cutting  down  l)ordering  sand  hills.  Ohlest  |)alms  in  background.  young<*st 
in  foreground.  Fig.  li. — Vegetable  garden  irrigated  by  well  near  bottom  of 
basin  in  which  date  palms  are  gi-own. 

Plate  IV.  Fig.  1. — Hole  on  slojie  of  dune  near  bottom  of  basin  in  which  a  young 
palm  Is  planted.  Fig.  2. — Camel  manure  ready  for  application  in  a  date 
garden. 

Plate  V.  Fig.  1. — "  Dokana,*'  or  mound  of  earth  and  plaster  for  strengthening 
the  base  of  a  palm.  Shows  also  distance  between  trees,  absence  of  other 
cultures,  and  play  of  light  and  shadow  on  floor  of  basin.  Fig.  2. — R liars 
palm,  showing  thickness  of  trunk. 
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PREFACE. 


The  jiotato  is  one  of  the  most  important  food  crops  of  the  United 
States.  It  is,  moreover,  one  which  is  subject  to  a  number  of  serious 
plant  diseases.  Some  of  these,  notably  the  late-biight,  can  be  con- 
trolled by  spi-aying.  Yet  this  remedy  is  not  applied  by  all  farmers, 
and  the  annual  loss  amounts  to  many  millions  of  dollars.  Other  dis- 
eases, like  drj'-rot  and  the  bacterial  blight,  are  not  controlled  by  spray- 
ing and  require  a  different  line  of  treatment.  The  subject  of  disease 
Tosistance  in  plants  has  received  increased  attention  of  late,  and  it  is 
likely  that  the  introduction  of  disease-resistant  varieties  of  potatoes, 
by  supplementing  spra5nng  and  special  cultural  practices,  will  he 
of  great  practical  value  in  lessening  the  waste  caused  by  disease. 
Although  but  little  has  been  done  in  the  United  States  toward  secur- 
ing varieties  resistant  to  disease,  the  attention  of  potato  specialists  in 
other  countries  has  alreadv  been  directed  toward  this  aim. 

As  2i  preliminary  step  in  our  work,  Dr.  L.  R.  Jones,  botanist  of  the 
Vermont  Agricultural  Experiment  Station,  was  commissioned  to 
inquire  into  the  occurrence  of  potato  diseases  abroad  and  the  methods 
employed  for  their  control,  particularly  with  reference  to  the  produc- 
tion of  disease-resistant  varieties.  Doctor  Jones  spent  six  months — 
from  April  to  September,  1904 — in  this  work. 

In  the  course  of  Doctor  Jones's  European  itinerary,  information  of 
more  or  less  value  was  secured  at  the  following  places,  successively, 
and  this  was  supplemented  by  a  considerable  correspondence  covering 
a  somewhat  wider  area:  Marseille,  Naples,  Florence,  Munich,  Halle, 
Berlin  and  vicinity,  Dresden  and  vicinity,  Bonn  and  vicinity,  Wagen- 
ingen  (Holland),  Amsteixlam  and  vicinity,  Groningen,  Delft,  Gembloux 
(Belgium),  Paris  and  vicinity,  London  and  vicinity,  Reading,  Cam- 
bridge, and  Edinburgh  and  vicinity.  The  thanks  of  the  Department 
are  accorded  to  the  various  officials  and  other  botanists  in  the  coun- 
tries visited,  whose  uniform  courtesies  made  possible  the  success  of 
the  mission. 

As  shown  in  this  report,  a  considerable  number  of  varieties  are 
reputed  to  be  disease  resistimt.  The  best  of  these  were  selected  by 
Doctor  Jones,  and  limited  quantities  of  seed  tubers  were  imported  by 
the  Office  of  Seed  and  Plant  Introduction  and  Distribution  of  the 
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Bureau  of  Plant  Industry.  These  are  now  being  tested  in  trials  co 
ducted  in  cooperation  by  the  Bureau  of  Plant  Industry  and  the  Sta 
experiment  stations  in  Vermont,  Florida,  Colorado,  and  Oregon,  sti 
by  the  Bureau  at  the  Arlington  Experimental  Farm,  near  Wash  in 
ton.  In  order  fully  to  acclimatize  the  foreign  varieties,  these  tri« 
will  be  continued  for  three  years  before  a  final  report  is  made  on  t  he 
adaptation  to  American  conditions.  This  test,  together  with  tl 
review  of  our  present  knowledge  contained  in  this  bulletin,  will  essfca 
lish  a  proper  foundation  for  future  efforts  in  breeding  better  and  mo: 
disease-resistant  varieties.  The  field  for  such  work  is  very  lar^ 
Up  to  the  present  time  most  of  the  breeding  has  been  for  resistant 
to  the  late-blight  {Phytophthm'a  infestans),  a.nd  this  will  continue  to  I 
the  principal  problem  in  the  northern  tier  of  States;  but  there  is  a.ls 
much  promise  of  success  in  securing  new  varieties  to  resist  scab,  drj 
rot,  bacterial  blight,  and  other  troubles,  which  in  the  Southern  an 
Western  States  are  more  injurious  than  late-blight.  It  is  hoped  ths 
potato  specialists  will  give  increasingly  careful  attention  to  this  f et 
ture  in  their  breeding  and  testing  of  varieties,  for  it  is  only  by  such 
general  interest  and  effort  that  the  desired  information  can  quickly  b 
secured. 

• 

Albert  F.  Woods, 
Pathologist  and  Physiologist. 

Office  of  Vegetable  Pathological  and 

Physiological  Investigations, 

Was?iingtmi^  D.  C\^  Oct'Oher  5^  1905, 
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DISEASE  RESISTANCE  OF  POTATOES. 


IKTBODUCTION. 

Potatoes  are  liable  to  several  diseases,  some  of  greater  economic 
importance  in  one  part  of  the  country,  some  in  another.''  The  causes 
of  most  of  these  have  been  determined,  and  remedies  of  more  or  less 
practical  value,  chiefly  spraying  and  seed  disinfection,  have  been 
foand.  The  success  of  the  agents  of  the  Department  of  Agriculture 
in  securing  disease- resistant  varieties  of  various  other  plants  has  given 
an  added  interest  to  the  question  as  to  what  may  be  expected  in  the 
way  of  securing  disease-resistant  varieties  of  potatoes.  Inasmuch  as 
this  matter  has  engaged  the  attention  of  the  potato  specialists  of 
Europe  longer  and  more  widely  than  has  been  the  case  in  America, 
the  attempt  has  been  made  to  glean  from  their  experience  whatever 
may  prove  of  assistance  in  furthering  the  work  in  this  country. 

In  presenting  the  results  it  has  seemed  best  for  the  sake  of  clearness 
to  discuss  briefl}'  (1)  certain  general  matters  relating  to  potato  culture 
in  Europe;  (2)  the  potato  diseases  which  occur  there,  with  comments 
on  the  resistance  shown  by  particular  varieties  to  each  disease,  and 
then  (3)  to  summarize  the  information  obtainable  in  America  as  to 
disease  resistance  of  potatoes. 

POTATO  CUIiTTTIlE  IN  EUBOPE. 

Potato  culture  was  introduced  from  America  into  Europe  more  than 
three  centuries  ago.  It  was  slower  in  its  popularization  there  than  in 
this  country,  but  to-day  the  potato  crop  is  relatively  more  important, 
both  for  food  and  for  factory  uses,  in  Europe  than  in  America.  This 
is  partly  attributable  to  the  greater  success  of  maize  as  a  starch- 
producing  plant  in  America  and  partly  to  the  difference  in  economic 

a  Anyone  not  familiar  with  potato  diseases  should  consult  Farmers  Bulletin  No. 
91,  Potato  Diseases  and  Their  Treatment,  by  B.  T.  Galloway,  which  will  be  sent  free 
of  change  upon  application  to  a  Senator,  Representative,  or  Delegate  in  Congress,  or 
to  the  Secretary  of  Agriculture,  Washington,  D.  C. 
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conditions — land  and  labor  values  and  food  habits — between  the  two  con- 
tinents. In  the  British  Islands  the  annual  acreage  in  the  last  decade  ^ 
was  more  than  one  and  a  quarter  million;  in  France  three  times  and  in 
Germany  six  times  this  amount.  The  crop  in  Great  Britain  is  chiefly 
used  for  human  food;  in  France  about  40  per  cent  is  used  in  starch  and 
alcohol  manufacture,  and  in  Germany  like  conditions  exist,  with  the 
use  of  the  potato  for  alcohol  distillation  promising  to  increase  largfely. 

It  is  the  German  national  policy  so  to  improve  processes  of  culture 
and  manufacture  that  potato  alcohol  may  rival,  if  not  displace,  petroleum 
for  lighting  and  fuel  purposes.     Various  organizations  are  aiding  in 
this  movement,  including  the  Deutschen-Kartoffel-Kultur-Station  and 
the  Institut  fur   Gahrungsgewerbe   und    Stfirkefabrikation.     These 
institutions,  maintained  partly  b}^  private  endowment  and  membership 
and  partly  by  government  aid,  have  been  in  operation  about  fifteen 
years.     Under  the  directorship  of  Profs.  C.  von  Eckenbrecher  and 
W.  Delbruck,  respectively,  they  give  attention  to  all  matters  pertain- 
ing to  potato  culture,  starch  manufacture,  and  distillation,  including 
the  breeding,  selecting,  and  trial  of  new  varieties.     They  work  in  close 
cooperation  with  the  various  German  experiment  stations  and  private 
potato  specialists.     No  similar  institutions  were  met  with  elsewhere  in 
Europe,  although  the  potato  growers  of  England  have  organized  dur- 
ing the  last  year  an  association  of  much  promise,  the  National  Potato 
Society. 

In  any  comparison  of  Edropean  with  American  varieties  the  differ- 
ence in  popular  taste  must  be  kept  in  mind.  The  English  market  is 
like  the  American  in  giving  preference  to  varieties  with  white  flesh, 
rich  in  starch,  and  in  making  little  use  of  potatoes  except  for  human 
food.  On  the  continent  of  Europe,  however,  only  the  varieties  with 
yellow  flesh  are  rated  as  of  first  quality  for  table  use.  These  are  rela- 
tively poor  in  starch  and  richer  in  protein  than  the  white-fleshed  varie- 
ties, and  when  cooked  they  are  not  sufficiently  dry  and  mealy  to  suit 
the  American  taste.  On  the  Continent  the  white-fleshed,  starch-rich 
potatoes  are  demanded  by  the  starch  factories  and  distilleries,  and  as  a 
result  continental  potato  breeders  have  aimed  to  develop  white-fleshed 
varieties  of  high  starch  content  and  large  productiveness,  regardless 
of  table  qualities,  and  anyone  importing  their  varieties  for  use  in 
America  must  consider  these  facts.  It  is  from  England,  therefore, 
that  we  may  expect  the  more  promising  varieties. 

It  is  worthy  of  note  in  this  connection  that  the  difference  in  char- 
acter of  the  potato  in  popular  favor  in  different  countries  is  closely 
related  to  differences  in  methods  of  cooking.  The  varieties  with  yel- 
low flesh  are  inclined  to  sogginess  when  baked  or  boiled,  but  are  admir- 
ably suited  for  frying.     The  starch-rich  white  potato,  which  is  of 

aSutton,  A.  W.,  Potatoes,  Jour.  Roy.  Ilort.  Soc,  XIX  (189ti),  pp.  387-430. 
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highest  quality  when  baked,  may  go  to  pieces  if  boiled  and  will  not 
kold  together  sufficiently  for  frying.  In  the  latter  case  steam  cooking 
gives  better  results  than  boiling  in  water.* 

The  methods  of  culture  of  potatoes  vary  somewhat  in  different  Euro- 
pean countries,  as  they  do  in  America.  In  general,  closer  planting  is 
practiced  than  in  this  country,  which  is  partly  explained  by  the  greater 
namber  of  unskilled  laborers  in  Europe.  A  matter  of  more  pertinence 
to  the  present  discussion  is  that  much  more  attention  is  given,  espe- 
cialiy  in  England,  to  the  source  and  handling  of  seed  potatoes  than  is 
generally  the  case  in  America.  The  best  informed  English  growers 
considered  that  this  has  much  to  do  with  the  question  of  disease  resist- 
inoe,  as  will  be  explained  later.  Indeed,  it  has  come  to  be  accepted 
by  them  that,  for  the  best  results,  seed  potatoes  should  be  imported 
from  some  more  northern  region,  at  least  as  often  as  every  third  or 
fourth  year,  and  this  is  done  by  many  large  growers  ever}'  year. 
English  growei"8  use  Scotch  seed  very  largely.  On  the  grounds  of 
Sutton  &  Sons,  Reading,  England,  a  comparative  trial  was  conducted 
during  the  summer  of  1904  with  a  number  of  varieties,  using  seed 
from  Scotland,  middle  England  (Lincolnshire),  and  southern  England, 
respectively.  When  these  plats  were  visited  in  August,  the  vigor  of 
the  plants  was  in  all  cases  greatest  from  the  Scotch-grown  seed  and 
least  from  that  grown  in  the  south  of  England.  In  certain  varieties 
the  development  of  the  tops  was  as  two  to  one.  At  the  Cambridge  Uni- 
versitv'  ^farms,  located  in  the  famous  potato  region  of  Lincolnshire 
fens,  it  was  said  that  Scotch-grown  seed  did  better  than  home-grown 
there  and  in  the  Lincolnshire  district  generally. 

A  large  potato-growing  company  of  the  Canary  Islands  uses  Ger- 
man in  preference  to  English  seed,  because  the  growth  from  the  latter 
is  too  rank  and  the  tubers  are  too  large.  Potato  growers  on  the  island 
of  Jersey  in  recent  years  have  sent  to  England  and  Scotland  for  their 
seed.  Italy  and  the  Mediterranean  islands  look  to  France  and  Ger- 
many largel}'. 

While  some  American  potato  growers  recognize  the  importance  of 
the  source  of  seed  and  attend  to  this  point  consistently,  there  is  gener- 
ally indifference,  disagreement,  or  lack  of  information  on  this  subject, 
as  Fraser*  has  recently  shown.  It  is  a  matter  deserving  of  further 
careful  inquiry  and  experiment. 

''The  writer  is  indebted  to  Profensor  Petermanii  for  calling  his  attention  to  these 
matters.  For  a  further  disousHion  of  this  subject  reference  may  be  made  to  Peter- 
mann,  A.,  Etudes  sur  la  pomme  de  terre,  Bui.  de  I'lnst.  Chim.  et  Bact.,  No.  70,  CJem- 
bloux  (Belgium),  1901;  and  Coudon  and  Bussard,  Annaleade  la  science  agronomique, 
I,  Paris,  1S97.  To  the  latter,  credit  may  be  given  for  showing  that  the  behavior  of 
the  potato  in  cooking  is  primarily  dependent  not  so  much  on  the  total  percentage 
of  Btarch  contained  as  on  the  relative  percentages  of  starch  and  protein.  The  proper 
proportion  of  the  protein  is  necessary  to  hold  the  starchy  mass  together  when  cooked. 

^Fra-ser,  8.,  The  Potato,  New  York,  1905,  pp.  51-52. 
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The  relation  of  the  maturity  of  seed  to  it^i  value  has  also  receivec 
considerable  attention  in  Great  Britain.  Some  of  the  best  pi'actieai 
potato  growers  prefer  to  have  potatoes  intended  for  seed  dug  before 
they  are  fully  mature,  i.  e.,  while  the  tops  are  still  green  and  the  outei 
skin  of  the  tuber  rubs  up  easily.  These  tubers  are  then  allowed  to  lie 
on  the  ground  a  short  time  to  " harden"  in  the  light,  i.  e.,  to  dry  and 
be  slightly  sunburned,  before  they  are  put  into  storage. 

The  practice  of  "boxing"  is  common  and  very  highly  cx>mmencle<l. 
This  consists  of  setting  the  tubers  with  "seed  end"  up  in  shallonv 
boxes  or  trays  in  a  dry,  light  room  for  some  weeks  before  planting-^  so 
as  to  have  strong,  short  sprouts  stalled  upon  them.  In  this  WB,y 
quicker  germination,  stronger  young  plants,  and  a  perfect  stand  are 
secured. 

The  general  preference  in  Scotland  and  in  England  is  for  plantitifr 
small  tubers,  one  and  one-half  to  three  ounces,  planted  whole.  If 
larger  tubers  are  used  they  are  cut,  as  in  this  country. 

OBSESVATIONS  ON  POTATO  DISEASES  AND  DISEASE  RESISTAl^GB 

IN  EUBOPE. 

Insects  cause  the  European  potato  grower  little  annoyance  or  loss 
as  compared  with  American  conditions.  Nowhere  in  Europe,  so  far 
as  learned,  is  any  use  whatever  made  of  insecticides  upon  potatoes, 
leaf-eating  insects  being  practically  unknown.  On  the  other  hand, 
diseases  caused  by  fungi  or  bacteria  or  of  nonparasitic*  origin  are  even 
more  common  and  destructive  than  in  America.  In  the  following 
paragraphs  is  a  discussion  of  the  nature  and  relative  seriousness  of 
such  diseases  as  came  under  the  writer's  personal  observation,  coupled 
in  each  case  with  the  evidence  secured  as  to  disease  resistance.  The 
less  important  and  nonparasitic  maladies  are  discussed  first,  reserving 
until  later  the  consideration  of  the  late-blight  and  rot. 

CERTAIN    MINOR   DISEASES. 

INTERNAL    BROWN   SPOT. 

The  peculiar  disease  of  the  potato  called  internal  brown  spot  is  as  well 
known  to  plant  pathologists  and  practical  potato  specialist's  in  Europe 
as  in  America.  The  writer  learned  nothing  more  about  it  on  the  Con- 
tinent than  is  set  forth  by  Frank,^  who  reached  only  negative  conclu- 
sions. It  is  considered  not  to  be  a  parasitic  disease,  and  no  remedy  is 
known  and  no  suggestions  are  made  except  the  doubtful  one  of  avoid- 
ing the  use  of  diseased  tubers  for  seed.  In  England  and  Scotland 
several  potato  specialists*  of  wide  experience  gave  evidence  of  like 

« Frank,  A.  B.,  Kampfbuch  gegen  die  Scliiidlinge  iinserer  Feldfri'ichte,  "Bunt- 
werden  oder  Eisenfleckigkeit,"  p.  211. 

ft  Prof.  J.  H.  Middleton.  Messrs.  Sutton  &  Sons,  and  Thomas  A.  Scarlett^ 
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purport-  The  trouble  is  frequently  observed,  and  is  most  commonly 
termed  ** sprain.''  It  is  not  propagated  in  seed  or  soil  and  is  non- 
parasitic*. It  is  considered  to  be  the  direct  result  of  malnutrition 
dissociated  with  unfavorable  soil  conditions,  resulting  either  from  too 
dry  conditions  or  from  the  lack  of  potash  or  lime.  It  is  frequent  in 
light,  dry  soils  during  drj"  seasons,  and  is  never  seen  on  heavy,  strong, 
moist  soils.  The  remedy,  in  the  judgment  of  the  specialists  cited,  lies 
whoUv  in  attention  to  cultural  conditions  and  the  choice  of  varieties. 
Some  varieties  are  more  liable  than  others  to  internal  brown  spot 
&nd  should  not  be  used  on  soil  that  favors  the  disease;  e.  g.,  Mr.  Scar- 
lett stated  that  the  British  Queen  variety  is  especially  predisposed  to 
•'sprain. '^  The  primary  remedy,  however,  lies  in  selection  and  treat- 
ment of  the  soil — i.  e.,  in  avoiding  dry  soil — and  in  so  cultivating  as  to 
conserve  moisture,  while  using  lime  and  potash  liberally. 

PILOSITE,    OR   GROWING-Ol'T. 

The  names  "filosit^"  and  "growing-out"  are  applied  in  France^ 
and  England,  respectively^,  to  various  forms  of  secondary  outgrowths 
from  tul)ei's.  Examples  that  were  shown  to  the  writer  were  in  some 
cases  mereh'  "prongy"  tubers,  while  in  others  stolons  starting  from 
the  eyes  produced  secondary  small  tubers.  Delacroix  describes  con- 
ditions where  the  seed  tubers  send  out  an  abundance  of  weak  shoots, 
both  above  and  below  ground,  but  these  soon  die  without  yielding  any 
(Top,  The  latter  t3^pe  is  therefore  allied  to  the  curl  disease  of  the 
potato.*  The  less  serious  forms  of  growing-out  are  attributed  to  cli- 
matic and  soil  conditions,  especially  to  a  long,  wet  autumn  following  a 
dry  summer.  The  more  serious  types  of  the  disease,  especially  as  occur- 
ring in  France,  are  attributed  to  varietal  weakness  or  "running  out." 
In  both  Finance  and  England  the  use  of  seed  from  an}^  plants  showing  this 
tendency  was  condemned  as  tending  to  give  a  crop  of  generally  reduced 
vitalitv. 

LEAF-SPOT. 

Since  there  has  been  a  difference  of  opinion  among  pathologists  as 
to  the  occurrence  and  destructiveness  of  the  fungus  Altemarnf  Ht^ktai 
in  Europe,  the  writer  was  led  to  keep  an  especially  close  watch  for  it. 
Prof.  P.  Sorauer  kindly  sent  specimens  from  Europe  some  years  ago 
corresponding  fully  with  the  leaf-spot  disease  caused  l)y  this  fungus, 

''See  Delacroix,  G.,  Sur  la  filositi*  des  pommes  de  terre,  Jour,  de  P Agriculture, 
December,  1903. 

^Frisol^e  (French),  or  Kniuaelkrankheit  (Germau),  is  a  common  but  not  very 
serious  potato  malady  of  Europe,  of  which  the  cause  is  not  clear,  but  apparently  it 
is  associated  with  varietal  weakness  and  malnutrition.  It  is  characterized  by  dwarf- 
ish plants  bearing  an  excessive  number  of  rather  undersized  leaves,  which  are  down- 
<'urle<l  and  l^rittle.  The  tops  have  thus  a  dense  or  bushy  appearance.  They  may  be 
quite  as  green  as  noxmal  plants. 
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and  termed  early-blight  in  America.  It  is  known,  therefore,  th&t  i 
occurs  in  Europe,  but  it  can  not  be  as  common  and  destructive  as  it  ii 
here,  for  no  trace  of  it  could  be  found  in  any  of  the  fields  visited 
Much  was  seen,  however,  of  a  leaf -spot  disease  which  bears  a  super 
ficial  resemblance  to  it.  This  w^as  shown  us  first  by  Dr.  Otto  Appel  ii 
the  experimental  fields  of  the  board  of  health  at  Dahlem,  near  Berlin 
Later  it  was  seen  elsewhere  in  Germany  and  in  England.  Apparently 
there  has  been  a  confusion  of  this  with  our  American  early-blight,' 
but  both  Doctor  Appel  and  Professor  Sorauer  stated  that  there  was  n< 
fungus  present  in  this  leaf -spot  disease,  and  the  writer's  examinations 
confirmed  this.  The  cause  of  this  trouble  has  not  as  yet  been  cl^rlj 
established,  but  since  Appel  and  Somuer  both  have  it  under  observa- 
tion, further  advice  may  be  expected  upon  it  in  the  near  future. 
Opportunity"  was  presented  to  compare  the  relative  development  oi 
this  trouble  on  different  varieties  in  the  trial  grounds  of  the  University 
Farm;  Cambridge,  England,  in  the  latter  part  of  the  summer.  There 
was  a  considerable  difference  in  the  amount  of  spotting  of  the  various 
varieties,  but  none  was  altogether  free  from  it. 

SCABBINESS  OF  TUBERS. 

POTATO  SCAB. 

Scab-like  diseases,  i.  e.,  those  characterized  by  surface  erosions  of 
the  tubers,  are  frequent  in  Europe  and  apparently  more  varied  in 
nature  than  is  recognized  to  be  the  case  in  America.  Yet  nowhere 
does  injury  to  the  crop  from  such  diseases  approach  that  which  is 
common  in  this  country.  This  is  in  some  ways  surprising  and  unex- 
plained. A  disease  closely  resembling  in  appearance  the  common 
American  type  of  scab  was  frequentl}'^  seen,  but  growers  everywhere 
in  Germany,  France,  and  Great  Britain  testified  that  it  is  not  common 
or  destructive  enough  to  be  of  much  practical  importance.  Scientific 
men  are  not  agreed  either  as  to  the  cause  of  the  disease  or  as  to  the  pos- 
sibility of  benefit  from  seed  disinfection.  But  few  recommended  this 
treatment,  and  no  practical  potato  grower  was  met  who  pi'acticed  it. 
The  most  puzzling  thing,  in  the  light  of  American  experience,  is  that 
potatoes  are  grown  year  after  year  continuously  or  in  the  shortest  of 
rotations  on  the  same  soil  without  increase  of  scabbine^s.  In  each  of 
these  countries  potatoes  are  often  grown  on  the  same  soil  for  ten  or 
twentv  or  even  fortv  successive  vears  with  practicallv  no  trouble 

I   -■■  ,  -  ■         _^_^  -.  - 

«See  Frank,  Kampfbuch,  p.  220.  Apparently  the  disease  mentioned  above  is  the 
same  as  Frank's  **Pockenfleckigkeit."  Frank  was  altogether  mistaken  in  consider- 
ing it  the  same  as  the  American  "early-blight,"  as  Sorauer  subsequently  showed. 
See  also  Bahna,  J.  J.,  Blattbraune  der  Kart. ;  Zeitsch.  f.  Land.  u.  Fortwirtsch.,  2:  113 
(March,  1904).  Prof.  C.  von  Tiibeuf  comments  upon  this  article  and  reviews  the 
literature  in  the  June,  1904,  number  of  the  same  journal. 
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from  8cab.^  Since  this  is  often  on  rich  and  heavy  land,  such  as  would 
develop  scab  under  like  treatment  in  America,  the  European  experi- 
ence is  difficult  to  understand.  Does  not  our  type  of  disease  exist 
there,  or  is  it  less  virulent  because  of  some  difference  in  the  climatic 
and  soil  conditions?  The  writer  is  not  prepared  to  answer  with  full 
confidence,  but  his  judgment  favors  the  second  suggestion^. 

Europeans,  both  pathologists  and  practical  men,  recognize  more 
I    than   one   form  of    disease   under   the   name   of  scab   (the  German 
I    '•schorf ,"  Dutch  "  schurf t,"  French  ''  la  gale ").    Frank's  subdivisions* 
I    of  ''schorf"   into  four    kinds — flach,  tief,    buckel,  and   buckel-tief 
!    sehorf — were  familiar  to  the  continental  pathologists  interviewed,  but 
the  general  opinion  is  that  these  are  simply  forms  of  one  common  dis- 
ease, the  variations  being  attributable  to  the  season  of  attack  or  to 
varietal  or  vegetative  conditions  of  the  potato.     Frank's  specimens  of 
I    ''  tief -schorf  "  were  seen  in  the  museum  of  the  board  of  health  at  Berlin 
and  have  the  appeamnce  of  the  common  American  scab. 

As  to  the  cause,  opinions  differ. '^  The  German  pathologists  who  have 
given  most  attention  to  this  disease  consider  the  commonest  German 
form  to  be  due  to  a  fungus  similar  to  Thaxter's  Oosp(/ra  8cahiej<^  but 
perhaps  not  identical  with  it.  In  Holland  doubt  was  expressed  as  to 
the  common  Dutch  form  of  potato  scab  being  a  fungous  disease  at  all, 
while  in  Belgium  and  France  it  is  considered  a  parasitic  disease,  but 
due  to  bacteria  (Micrococcus pellieldus  Roze)  rather  than  to  fungi. ^  In 
England  Oospora  scahien  is  held  responsible  for  only  the  minor  part  of 
the  trouble,  Soi^ospormrn  scabies  Fisch.  being  the  commoner  parasite. 

VARIETAL   REBIBTANCK   TO  BCAB. 

As  already  stated,  none  of  these  scab  diseases  has  proved  of  suffi- 
cient economic  importance  to  attract  much  attention  from  practical 
potato  growers  in  Europe.  Probably  most  of  the  diseases  would  yield 
to  the  seed-disinfection  treatment  practiced  for  potato  scab  in  America, 
yet  this  is  nowhere  used  by  European  growers,  so  far  as  learned. 
The  only  valuable  data  as  to  the  relative  susceptibility  of  varieties  to 
scab  are  those  furnished  by  the  reports  of  Professor  Eckenbrecher," 
whose  results  point  to  certain  newer  varieties  as  being  comparatively 
free  from  scab,  while  others  are  quite  susceptible.     Age  of  the  variety, 

flSee  Sutton,  A.  W.,  Potatoes,  Jour.  Roy.  Soc,  XIX,  pp.  387-i30  (1896). 

*>Kampfbuch,  p.  170. 

^These  conclusions  are  the  result  of  conferences  with  a  number  of  men  and  reference 
to  the  publications  of  others.  Among  those  who  have  given  this  disease  careful  con- 
sideration in  their  respective  countries  and  whose  opinions  were  learned  are  Professors 
F.  Kruger,  Berlin;  Ritzema-Bos,  Amsterdam;  Marchal,  Gembloux;  Roze  and  Dela- 
croix, Paris;  Massee  and  Cooke,  England. 

^'Roze,  E.,  Histoire  de  la  pomme  de  terre,  Paris,  1898,  p.  275. 

«C.  von  Eckenbrecher,  Berichte  Deutsch.-Kart.-Kult.-8tat.,  1903  and  earlier. 
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however,  seems  to  be  of  less  consequence  than  it  is  with  the  blight,  f  oi 
while  one  of  the  least  resistant  is  Dabersche,  an  old  standard,  one  of  th< 
most  resistant  is  Richter's  Imperator,  also  an  old  variety.  Othei 
varieties  reported  as  preeminently  scab  resistant  are  Irene  and  Pro 
fessor  Wohltmann.  Boncza  and  Pomerania  are  reported  resistant, 
but  to  a  less  degree.  Seed  of  all  these  have  been  secured  for  trial  ir 
this  count^5^  Early  Rose  is  found  especially  liable  to  scab  there  as  i1 
is  in  America.  It  will  be  better,  however,  to  postpone  the  discussion 
of  resistance  to  scab  as  shown  by  American  varieties  of  potatoes  until 
the  latter  part  of  this  publication. 

OTHER  SCAB-LIKE   DISEASES. 

Rhizoctonia. — This  was  seen  on  potato  tubers  in  Europe  even  more 
commonly  than  it  occurs  in  America,  but  most  European  pathologists 
regard  it  as  nonparasitic.  Those  who  consider  it  as  a  facultative  para- 
site attribute  little  injury  to  it  generally,  although  some  think  it  capable 
of  causing  rot,  as  described  by  Frank.  <* 

Spongospora  solani  Brun. — This  fungus  is  said*  to  cause  a  scab-like 
disease  in  the  north  of  Europe.  This  disease  occurred^  to  a  consider- 
able extent  on  potatoes  secured  by  the  writer's  order  from  Groningen, 
Holland. 

Superficial  scurv}'  diseases  attributed  to  other  fungi  occur  in  Europe. 
Frank  ^  describes  one  such  caused  by  Phellomyces  aclerotwphorns^  but 
Doctor  Appel  told  the  writer  that  this  had  not  proved  serious  in  Ger- 
many. Johnson  *  reports  it  as  causing  some  trouble  in  Ireland.  In 
England  another  scurf  disease  of  somewhat  similar  appearance  is  attract- 
ing attention.  It  occurred  on  the  Eldorado  seed  potatoes  imported 
with  our  order  from  Scotland,  and  the  cause  is  apparently  the  fungus 
Spicaria  nivea  Ilors.-^ 

Oedoniyces  leproides  Trshut. — This  is  a  fungus^  which  attacks  the 
young  sprouts  or  eyes  of  the  tubers,  stimulating  them  to  abnormal, 
cauliflower-like  growth,  of  which  the  dark  color  has  given  rise  to  the 
popular  name  black-scab.     The  writer  did  not  see  this  disease  on  the 

«  Kampfbuch,  p.  194. 

Mbid.,  p.  176. 

c  Found  and  identified  by  James  Birch  Rorer. 

d  Kampfbuch,  p.  182. 

« Johnson,  T.,  The  Diseases  of  the  Potato  and  Other  Plants  in  Ireland,  Journal, 
Dept.  Agric.  Ireland,  Vol.  Ill,  No.  1  (1902). 

/  So  identified  by  Dr.  Ernst  A.  Bessey.  Dr.  Thomas  Milbum,  of  the  Midland  Agri- 
cultural and  Dairy  Institute,  England,  advises  the  writer  by  letter  that  he  is  engaged 
in  a  special  st^dy  of  this  disease.  He  finds  it  to  occur  on  most  English  varieties, 
Evergood  and  Sutton's  Flourball  being  by  far  the  worst,  while  East  Anglian  and 
Sutton's  Discovery  are  the  only  ones  he  has  found  entirely  free  from  it. 

9  This  also  occurs  on  beet  roots.    See  Massee,  Geo.  A.,  Textbook  of  Plant  Diseases, 
p.  225. 
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Continent,  but  while  in  England  Dr.  M.  C.  Cooke  sent  specimens,  as 
did  also  Dr.  John  Wilson,  from  Scotland.  It  is  regarded  as  capable  of 
caosing'  much  harm,  but  fortunately  has  not  as  yet  l>ecome  common. 

POTATO    STEM    DISEASES. 
BLACKLEG. 

••  Schwarzbeinigkeit,"  or  blackleg,  is  a  name  applied  to  a  disease 
seen  commonly  in  central  Europe.  It  is  characterized  by  the  black- 
ening^  and  rotting  of  the  main  stem,  accompanied  by  a  checking  of  the 
growth,  uprolling,  yellowing,  and  ultimate  death  of  the  leaves,  and 
more  or  less  rotting  of  the  tubers.  It  has  been  exliaustively  studied 
in  recent  years  by  Appel"  in  Germany,  who  concludes  that  it  is  due  to 
bacteria  {Bacillus  phytopkthorus^  and  perhaps  other  allied  species), 
which  either  enter  from  the  soil  or  are  carried  in  the  seed  tuber. 
These  start  the  disease  below  ground,  the  rot  proceeding,  as  a  rule, 
from  the  seed  tuber  to  the  young  plant.  Appel's  conclusions  are  gen- 
erally accepted  by  pathologists  in  Germany,  Holland,  and  Belgium, 
and^  so  far  as  learned,  in  England. 

The  writer  had  opportunity  to  see  much  of  the  German  disease  in 
the  vicinity  of  Berlin,  and  to  verify  Doctor  Appel's  observations,  in  a 
measure,  in  his  own  labomtory.  Later  (August)  the  same  malady  was 
seen  in  England,  where  it  is  said  to  be  common,  though  apparently 
less  troublesome  than  Appel  reports  it  from  Germany.  All  of  the 
personal  observations  of  the  writer  therefore  lead  to  an  indorsement 
of  AppePs  conclusions  both  as  to  the  bacterial  nature  of  the  disease 
and  as  to  its  widespread  occurrence  and  economic  importance. 

In  France  a  similar  if  not  identical  disease  is  attributed  to  bacteria. 
Delacroix,  who  has  studied  this,  considers  the  organism  causing  the 
disease,  which  he  calls  liac'dluH  solmiicola^  to  be  specifically  distinct 
from  that  described  by  Appel.  He  kindl}^  showed  the  writer  speci- 
mens of  the  French  disease  in  his  garden  in  Paris,  but  it  was  in  a 
stage  80  much  more  advanced  than  that  seen  in  Berlin  that  a  comparison 
of  the  two  does  not  seem  justifiable. 

Of  course,  the  possible  occurrence  of  these  stem  diseases  in  America 
was  kept  in  mind.  The  writer  has  never  seen  much,  if  any,  of  the 
same  trouble  in  potato  fields  in  the  Northeastern  States  and  adjacent 
Canada  which  have  come  under  his  observation.  Certainlv  it  is  not  so 
common  in  America  as  it  is  in  Europe.  The  symptoms  correspond,, 
however,  somewhat  closelv  to  certain  diseases  attributed  to  Rhizocto- 
nia  in  the  South  and  West.* 


a  Appel,  O.,  Arb.  aus  Biol.  Abt  Gesundheitsamte,  3:  364  (1903). 
h  See  especially  Selby,  A.  D.,  Ohio  Exp.  Sta.  Bula.  139  ami  145,  and  Rolfs,  F.  M., 
Colo.  Exp.  Sta.  Bills.  70  and  91. 
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The  only  remedies  proposed  or  practiced  for  blackleg  in  Etxrc 
consist  in  selection  of  sound  seed,  careful  avoidance  of  rotten  tixtn 
or  those  taken  from  a  diseased  crop,  attention  to  rotation  of  ci"o^ 
since  the  germs  may  persist  and  accumulate  in  the  soil,  and  the  uso 
disease- resisting  varieties.  None  of  these  methods  has  been  to3l 
carefully  enough  to  establish  its  merits. 

The  chief  evidence  as  to  varietal  susceptibilities  or  resistanc-o 
blackleg  is  that  of  Appel.^  He  states  that  while  no  varieties  lia 
been  shown  to  be  entirely  free  from  the  disease,  the  evidence  is  tl: 
thick-skinned,  starch-rich,  late  varieties  are  in  general  more  resi 
ant  than  thin-skinned,  starch-poor,  early  varieties.  The  Dabersche 
finds  to  be  the  most  resistant  of  the  widelv  used  German  sorts,  whi 
the  Rose  varieties  are  especiall}'^  liable  to  blackleg.  Contiguous  pla 
of  the  Dabersche  and  White  Rose  in  Doctor  Appel's  grounds  sho\*^< 
this  difference  very  clearly  at  the  time  of  the  writer's  visit  in  Jul 
1904,  the  Rose  being  badly  diseased,  the  Dabersche  but  slightly.  J 
the  Deutschen-Kartoffel-Kultur-Station  distinct  evidence  of  variatioi 
in  disease  resistance  was  found.  It  was  stated  at  this  station  that  i 
the  trial  grounds  the  red  varieties  were  in  general  found  to  be  moi 
resistant  than  the  white. 

A  considerable  development  of  this  disease  was  noticed  at  the  Un 
versity  Farm,  Cambridge,  England,  where  extensive  variety  trials  wei 
being  conducted.  The  observations  of  Mr.  H.  Henshaw,  who  had  imtuc 
diate  charge  of  these,  were  in  agreement  with  those  of  Doctor  AppK 
as  to  the  association  of  the  disease  with  the  rot  of  the  seed  tuber,  an 
he  regarded  it  as  a  bacterial  malady.  There  was  a  difference  in  th 
amount  of  the  disease  on  different  varieties,  but  Mr.  Henshaw  toum 
none  wholly  free  from  it.  At  the  time  of  this  visit  Factor  and  Up-to 
Date  were  noticeably  freer  from  the  trouble  than  any  other  varietie 
there  under  trial.  They  were  about  alike  in  this,  as,  indeed,  in  al 
other  characters.  Doctor  Delacroix  cited  as  especiall}^  resistant  to  hi 
bacterial  disease  in  France  the  varietv  La  Czarine.  He  also  statec 
that  the  variety  Geantc  Bleue  is  resistant,  but  to  a  less  degree.  Lau 
rent  observed  in  his  work  on  bacterial  diseases  that  the  maximum  oj 
resistance  was  shown  by  the  varieties  Chardon,  Pousse-debout,  anc 
Chave. 

OTHER  BTEM   DISEASES. 

Several  other  potato  stem  diseases  have  been  reported  in  Europe, 
but  since  the  writer  did  not  studv  them  in  the  field  and  learned  noth- 
ing  beyond  what  is  recorded  in  literature  they  will  be  passed  with  brief 
mention.  Prillieux  and  Delacroix  have  described  another  bacterial 
stem  disease  in  France  attributed  to  Bacill^us  cauUvarm.  Rhizoctonia 
is  common  on  potato  stems  as  well  as  tubers,  but  none  of  the  patholo- 

«Arb.  aus  Biol.  Abt.  Gesundheitsamte,  3:  408  (1903). 
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conferred  with  regards  it  as  a  parasite  of  importance  on  either. 
►fessor  Marclial,  of  Gembloux,  said,  however,  that  he  sometimes 
id  a  basidiomAHietous  fungus,  J/yj}och7iiif  solan  iVri\].^^  cauHmg  a 
^kleg-like  stem  disease  in* Belgium.  Prof.  T.  Johnson,  of  Dublin, 
IBot  specimens  of  Sch^rotinia  sclerotiorurn^  which  at  times  causes  a 
fetructive  stem  disease  in  Ireland,  called  "yellow  blight."  He  also 
peports*  the  occurrence  in  Ireland  of  bacterial  stem  diseases,  including 
irhat  he  believes  to  be  the  malady  termed  brown-rot  in  America  and 
ibowQ  b3'  Dr.  Erwin  F.  Smith  to  be  caused  by  Bacillus  solaim^iearmn. 
In  none  of  these  cases  was  anything  learned  as  to  relative  varietal 
resistance  to  the  disease  in  question. 

LATE-BLIGHT  AND  ROT  DUE   TO   PHYTOPIITHORA   INFESTANS. 

Late-blight  and  rot  due  to  Phytophthoi^a  infedann  occurs  in  Europe 
even  more  widely  and  destructively  than  in  America,  being  recog- 
nized as  the  most  important  malady  in   all  the  countries  visited  by 
the  writer — Italy,  Austria,  Germany,  Holland,  Belgium,  France,  and 
the  British  Islands.     There  was  less  unanimity  of  opinion  tha#was 
toticipated  as  to  the  probable  life  history  of  the  fungus,  and  conse- 
quently as  to  the  remedial  treatment.     While  all  agreed  that  it  lives 
over  in  the  seed  tubers,   the  opinion  was  frequently  expressed,  by 
scientific  and  practical  men  alike,  that  there  is  probabl}-  some  hiberna- 
tion in  the  soil,  either  in  tubers  left  in  the  field  or  in  the  haulms. 
Possible  hibernation  in  the  tubers  is  to  be  associated  with  the  fact  that 
potato  tubers  left  in  the  soil  are  not  killed  b}^  frost  in  southern  Eng- 
land and  the  south  of  Europe.     The  value  of  Bordeaux  mixture  as  a 
femed}^  is  recognized  generally.     Spraying  is  consistently  advocated 
and  practiced  in  the  British  Islands — especially  Scotland  and  Ireland — 
the  Netherlands,  Italy,  and  portions  of  France.     Germany  has  been 
surprisingly  backward  in  accepting  or  even  fairly  testing  this  remedy. 
The  reason  seems  to  be  that  some  of  the  experiments  conducted  by 
scientific  men  have  shown  injury  to  the  plants,  and  so  they  have  pro- 
nounced against  it.     No  other  remedial  treatments  are  in  common  use. 
No  one  indorsed  or  practiced  any  method  of  seed  disinfection.     No 
particular  culture  methods  were  advocated  or  condemned  other  than 
attention    to   fertilization.      There   was  a    general    agreement   that 
i*xcessive  use  of  nitrogenous  fertilizers,  either  chemicals  or  composted 
manures,  increases  the  loss  from  this  disease.     Much  attention  is  being 
given,  however,  to  the  relation  of  varieties  and  of  source  of  seed  to 
disease  resistance,  and  the  results  are  of  suflScient  importance  to  merit 
the  somewhat  detailed  report  which  follows. 

^Probably  identical  with  Corliciuin  vagum  var.  solani  Burt,  which  is  the  fruiting 
stage  of  the  common  Rhizoctonia  of  the  potato. 

''Johnson,  T.,  Diseases  of  the  Potato  and  Other  Plants  in  Ireland,  Journal,  Dept 
Agric.  Ireland,  III,  No.  1  (1902) 
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RESISTANOE  AS  SHOWN  TOWABD  LATS-BLIGHT  AND  ROX. 

HISTORICAL  STATEMENT. 


Doubtless  examination  of  the  earlier  writings  upon  the  potato  d 
known  as  late-blight  and  rot  would  show  that  from  the  beginning-  c 
its  I'avages  differences  have  been  observed  in  the  resistance  of  varieties 
Any  such  records  of  the  thirty  j^ears  from  1845  to  1875  would  have  n  i 
practical  value  now,  since  the  varieties  then  in  use  have  passed  out  o 
culture;  nor  would  they  have  much  scientific  significance,  owing  to  thd 
lac":k  of  exact  knowledge  then  as  to  the  cause  of  disease.     Going  baok  U 
the  origin  of  the  varieties  still  in  cultivation,  it  is  found  that  in  the  earlj 
seventies  an  unusual  amount  of  attention  was  focused  upon  the  m^tteii 
of  the  potato  disease,  as  to  causes  and  remedies.     Ninety-four  essays 
secured  bv  the  Roval  Agricultural  Society  of  England  in  1872  sho^^'ed 
agreement  that  an  underlying  cause  was  the  degeneracy  of  the  varieties 
then  in  culture.^    The  necessity  for  the  production  of  new  varieties 
was  emphasized.     The  introduction  of  improved  American  varieties 
into  England  at  about  this  period  was  most  beneficial  and  stimulating 
to  the  potato  specialists  of  that  country.*    These  varieties  were  made 
the  parents  in  further  breeding.     The  best  production  of  this  revival 
was  the  Magnum  Bonum,  originated  by  James  Clark  from  a  crosis  of 
Early^  Rose  with  Victoria  and  introduced  by  Sutton  in  1876.     Experi- 
ence with  this  variety  laid  the  foundation  for  belief  in  possible  disease 
resistance  in  potatoes  both  in  England  and  on  the  Continent.     Magnum 
Bonum  soon  became  the  standard  main-crop  variety  of  Great  Britain 
and  so  continued  until  within  the  last  fifteen  years,  when  it  yielded  to 
Up-to-Date^and  others.     It  is  still  in  considerable  favor  on  the  Conti- 
nent. 

Charles  Darwin  in  1877-78  became  interested  in  the  possibilities  of 
disease-resistant  breeding.  Francis  Darwin  ^  states  that  Mr.  James 
Torbitt,  of   Belfast,   bred  and  selected   varieties   to  secure  disease 


«See  Jour.  Roy.  Agr.  Soc.  Eng.,  XX  :  291  (1884). 

^Dean,  A.  Potato  Improvement  in  the  Past  Twenty-five  Years.  Jour.  Roy. 
Hort.  Soc,  XII  :41  (1890). 

Mr.  C.  G.  Pringle,  who  was  then  the  foremost  potato  breeder  in  America,  states 
that  the  demand  from  Europe  for  new  American  varieties  was  very  active  at  that 
period,  and  continued  until  the  fear  of  the  Colorado  potato  beetle  led  to  the  prohi- 
bition by  Euro(>ean  governments  of  further  importations  of  potato  tubers  from  Amer- 
ica. Thereupon  Mr.  Pringle  supplied  B.  K.  Bliss  &  Sons  with  specially  hybridized 
potato  seed,  which  was  sent  abroad  in  considerable  quantity. 

<*  Life  and  Letters  of  Charles  Darwin,  II,  pp.  519-522. 

The  writer  learns  from  Prof.  T.  Johnson,  of  Dublin,  that  Torbitt  has  been  dead 
some  twenty  years.  He  was  in  the  wine  trade  and  raised  varieties  of  potatoes  for 
the  berries,  or  seed  balls,  w  hich  he  used  as  a  source  of  material  for  wine.  All  of 
his  varieties  have  disappeared  except  one  coarse,  red  one,  which  waa  and  is  proof 
against  disease. 
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re^isteiice,  hb  metbod  bein^  to  eroc«»-fertiIize«  rear  the  seedlinp^,  and 
expose  them  ruthlesslv  to  infectioD,  retaining  only  those  showing 
some  degree  of  re&sistance.  In  this  work  he  received  miK^h  em^our- 
agement  and  some  financial  aid  through  Charles  Darwin. 

A  committee  of  the  English  House  of  Commons,  reporting  in  1^^0 
upon  the  potato  disease,  found  all  it>  witnesses  concurring  in  the 
necessity  for  the  production  of  new  varieties  with  increa>ed  disease 
resi£»taoce.^  Parliament  was  asked  to  give  financial  aid  for  exiieri- 
me nt£$  aiming  to  produce  new  and  disease-proof  varieties*  hut  it  did 
not  do  this.  Earl  Cathcart,  in  commenting  on  this  report,  states 
tliat— 

All  potatoes  have  deteriorated  in  their  dLBe&a«-reFij^iDsr  powers.  A  vairiety  from 
&«eJ  takes  fonr  to  six  years  for  iXfi  establishment,  and  uu<ler  the  mocst  faivorable  cir- 
camstanoes  a  good  variety  might  be  expectetl  to  degenerate  in  twenty  year^i.  The 
production  of  new  varieties  is  of  national  importani'e. 

Apparently  through  the  influence  of  Cathcart,  Baker*  was  led  to 
make  an  exhaustive  comparative  study  or  the  genus  Solanuin  in  order 
to  advise  as  to  the  relation  of  the  cultivated  varieties  to  the  sevenil 
wild  species  of  the  American  continent  pre[)aratory  to  breeding  experi- 
ments in  which  these  might  be  used.  As  a  result,  two  si)ecies  were 
considered  worthy  of  further  trial  in  the  attempt  to  improve  disease 
resistance,  viz,  the  Darwin  potato,  *S.  magUns  from  the  Choiios  Archi- 
pelago, and  the  Uruguay  potato,  S,  com)neri<imi!.  Cathcart  furnished 
Sutton  with  the  former  and  he  hybridized  it  with  the  common  ^!^.  tuht  r- 
o^tiiii,     Sutton*^  reports  that,  beginning  in  1886 — 

Although  many  hundreds  of  flowers  of  *9.  magUn  were  artificially  fertilized  with 
p<^>llen  from  cultivated  varieties,  only  five  were  successful,  resultinj;  in  five  l>erries. 
From  these  but  two  seedlings  were  secured  and  only  one  of  these  showed  any  pn.)ni- 
i?*e  whatever,  the  second  having  to  be  grown  under  glass  to  prevent  its  dying. 
*  *  *  This  hybrid,  although  a  vast  improvement  on  *V.  mnglhij  is  far  behind  the 
ordinary  potato  in  appearance,  crop,  and  quality.  The  seedling  »  »  *  gn)wn  for 
eight  years,  in  1894  was  slightly  diseased,  although  previously  free  from  attack. 

Sutton  still  has  the  S.  maglia  and  this  hybrid  in  propagation  at 
Reading,  where  the  writer  saw  them  in  August,  1904.  Phytophthora 
was  then  more  rampant  on  the  foliage  of  both  of  these  and  on  S,  com- 
merifanii,  which  he  also  has,  than  on  the  average  potato  plants  in  his 
fields.  No  hybrids  of  S,  conimersoiiiihdiA  been  secured  by  him  pre- 
vious to  this.  Mr.  Lasham,  potato  specialist  for  the  firm,  has  been 
giving  renewed  attention  to  the  possibilities  of  species  hybridization, 
and  showed  the  writer  balls  which  he  considered  to  contain  hybrid 
seeds  of  S.  t\d>eroHum  X  commernonii. 


a  Jour.  Roy.  Agr.  Soc.  Eng.,  XX:  291  (1884). 

^Baker,  J.  G.,  A  Review  of  the  Tuber-Bearing  Species  of  Solanum.     Jour.  Linn. 
Soc.,  London,  XX,  489-507  (1883-84). 

^Sutton,  A.  W.,  Potatoes,  Jour.  Roy.  Hort.  Soc.,  XIX,  387  (1896). 
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Interest  in  the  possibilities  of  S,  comviei'sonii  has  recently  been 
stimulated  by  the  experiments  inspired  in  France  b\'  Prof.E.  Heckel,** 
who  believes  in  the  economic  possibilities  of  this  species  when  improved 
by  longer  culture  and  perhaps  by  hybridizing,  and  has  distributed  it 
quite  widely  in  France  with  this  end  in' view.  One  French  horticul- 
turist, Labergerie,  *  claims  already  to  have  succeeded  in  producing  a 
variety  of  edible  quality,  large  yield,  and  superior  disease  resistance. 
This  was  seen  growing  in  the  grounds  of  Vilmorin-Anjdrieux  &  Co.,  at 
Paris.  This  firm  was  not  yet  convinced  of  the  practical  value  of  the 
plant,  and  since  Labergerie  refuses  to  send  out  any  of  these  potatoes 
for  trial  at  present,  judgment  must  be  reserved. 

Returning  to  the  consideration  of  the  varieties  of  the  common  potato, 
it  is  found  that  during  the  last  decade  increasing  attention  has  also 
been  given  to  their  comparative  disease  resistance.  This  has  been  well 
summarized  by  Prunet.*^  The  main  facts  developed  are  as  follows: 
Sorauer^  in  1896  considered  the  evidence  to  date  as  showing  that  the 
highest  degree  of  disease  resistance  was  possessed  by  Magnum  Bonum, 
the  following  showing  some  degree  of  resistance:  BiaueRiesenkartoffel, 
Richter's  Impe rotor,  Athene,  Reichskanzler.  Rostrup,*  writing  about 
the  same  time  from  Denmark,  places  Magnum  Bonum  at  the  head  as 
a  disease-resisting  variety,  with  Richter's  Imperator  and  Champion 
as  somewhat  resistant. 

In  this  connection  it  is  noteworthy  that  Magnum  Bonum  has  yielded 
its  place  in  popular  favor  in  Great  Britain  for  main-crop  purposes  to 
Up-to  Date  and  other  varieties,  even  while  holding  its  reputation  on 
the  Continent.  During  the  last  decade  these  standard  varieties  in  turn 
have  been  ^'running  out,"  and  the  demand  in  England  for  something  to 
take  their  place  has  stimulated  potato  breeders  and  seed  specialists  to 
direct  their  attention  very  generally  to  the  development  of  a  disease- 
resisting  main-crop  variety.  The  greatest  efforts  in  breeding  have  been 
made  during  the  last  four  years,  while  speculation  in  the  most  promising 
of  the  varieties  produced  has  been  at  fever  heat  for  the  last  two  years, 
during  which  time  many  new  varieties,  more  or  less  disease  resistant, 
have  been  pushed  to  the  front.  There  are  now  so  many  potato  special- 
ists in  Great  Britain  breeding  and  handling  varieties  of  reputed  disease 
resistance  that  it  is  impracticable  to  mention  all.     Archibald  Findla}', 

«Heckel,  E.,  Sur  le  ^S'.  commerHoniiy  Rev.  Hort.  de  la  Soc.  d*Hort.  et  de  Bot.  des 
Bouches-du-Rhone,  No.  581,  pp.  200-206  (December,  1902);  also,  Contrib.  k  T^tude 
botanique  de  qiiel(]ue8  solanum  tuberiferes,  Ann.  de  la  Faculty  des  Sciences  de 
Marseille,  vol.  8  (1895). 

ft  Labergerie,  M.,  Le  Solanum  commersonii  et  ses  variations,  Bui.  Soc.  Nat  d' Agria 
de  France,  March,  1904. 

<*Prunet,  A.,  Le  inildieu  de  la  pomme  de  terre,  Rev.  de  Viticult.,  XVII,  663; 
XVIII,  97etReq.(1902). 

</ZeitHch.  f.  Pflanzenkr.,  VI,  284  (1896). 

^Tidsskrift  f.  Landbrugets  Planteavl,  1895,  1896,  1897. 
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of  Mairsland,  Auchtermuchty,  Scotland,  has  originated  some  varieties 
of  hi<^h  repute;  Sutton  &  Sons,  of  Reading,  England,  have  also  taken  a 
prominent  part  in  this  work.  Scotland- grown  seed  of  all  the  leading 
varieties  can  be  secured  from  Thomas  Scarlett,  of  Edinburgh,  and  Mr. 
Scarlett  has  some  promising  varieties  of  his  own  introduction.  Any- 
one desiring  more  specific  information  should  secure  the  publications 
of  the  National  Potato  Society  from  its  secretary,  Walter  P.  Wright, 
Postling  Vicarage,  Hythe,  Kent,  England. 

Meanwhile  the  German  Potato  Station  has  been  making  extensive 
tests,  doing  some  breeding  and  encouraging  several  potato  breeders.** 
These  efforts  have  not  been  directed  primarily  to  disease  resistance, 
but  the  station  has  taken  note  of  this  feature  and  published  the  data 
regarding  all  varieties  tested. 

While  the  results  of  this  work  in  Europe  have  been  collected  or 
correlated  by  no  one,  the  writer  was  able  to  gather  considerable  infor- 
mation, in  addition  to  that  alread\^  referred  to,  from  conversation  with 
potato  specialists,  especially  in  Great  Britain.  This,  together  with 
what  has  been  learned  in  America,  is  made  the  basis  of  the  following 
discussion.  It  is  to  be  regretted  that  it  is  impracticable  to  give  detailed 
credit  in  sonje  cases  to  those  who  kindly  furnished  the  information. 

THE   MEANING   OF   DISEASE    RESISTANCE. 

Although  potato  specialists,  especially  in  England,  apply  the  term 
*'^  disease  proof  "  to  their  favorite  varieties,  this  is  not  to  be  taken  liter- 
ally. No  variety  has  as  yet  shown  itself  to  be  absolutely  proof  against 
disease.  The  writer  personally  collected  leaves  infected  with  the 
blight  fungus  from  two  varieties  which  were  said  to  be  '^  disease 
proof.''  Absolute  resistance  against  the  blight  fungus  has  not  as  yet 
lieen  and  may  never  be  secured.  Varieties  are  known,  however,  which 
show  a  relatively  high  degree  of  disease  resistance.  This  may  be 
shown  in  the  delay  in  date  of  appearance  of  the  blight  on  the  leaves 
or  its  slower  progress  after  appearing,  and  still  n)ore  clearly  in  the 
relativel}'  small  amount  of  loss  from  rot  of  the  tubers.  M'ost  of  the 
exact  observations  made  in  Europe  have  been  based  on  this  latter 
difference. 

DISEASE   RESISTANCE   AND   VEGETATIVE  VIGOR. 

Disease  resistance  and  vegetative  vigor  are  closely  associated, 
although  the  factors  involved  are  not  necessarilv  identical.  In  anv 
consideration  of  the  problems  of  the  life  and  death  of  the  potato  plant 
it  must  be  remembered  that  the  potato  has  two  natural  methods  of 

«The  most  active  of  these  are  Paulsen,  Cimbal,  Richter,  and  Dolkowski.  (iraf 
Arnim-Schlagenthin,  of  Naesenheide  in  Pomniem,  is  an  extensive  breeder  and  dealer 
in  new  varieties,  as  is  also  F.  Heine,  of  Hadniersleben. 
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reproduction,  the  true  seed  produced  in  the  berries  or  ''  balls''  follow- 
ing the  blossoms,  and  the  tubers  produced  below  ground.  Rt^pro- 
duction  by  seed  is  a  sexual  process,  that  by  tubers  is  vegetative. 
Both  arc  exhaustive  of  vitality.  The  two  are  in  a  certain  sense 
physiologically  opposed  to  each  other  and  can  not  well  be  carried  on 
at  the  same  time  by  the  plant.  Under  the  natural  conditions  of  the 
wild  potato  plant  in  Mexico,  and  doubtless  elsewhere,  seed  production 
precedes  tuber  formation.  In  Europe  and  northern  America,  with  a 
shorter  season  and  intensive  culture,  the  two  processes  overlap.  As 
a  result  there  is,  just  after  the  potato  plant  comes  into  blossom,  a  period 
when  the  natural  tendencies  within  the  plant  toward  seed  production 
abov^e  and  tuber  formation  below  are  such  as  to  subject  it  to  unusual 
physiological  stress.  This  has  been  termed  the  "critical  period"  **  in 
the  development  of  the  potato  plant. 

L^'sually  the  blossoms  fall  without  the  setting  of  the  fruit,  and  the 
plant  then  passes  into  a  stage  where  its  energies  are  devoted  to  tul>er 
formation  alone.  Once  well  started  upon  this  vegetative  period,  its 
growth  is  more  or  less  indeterminate,  i.  e.,  there  is  no  clearly  defined 
natural  terminus  to  the  life  of  the  cultivated  potato  plant.  Instead, 
there  is  the  gmdual  decline  in  vegetative  vigor  which  may  prepare  the 
wa}^  for  early -blight  and  other  diseases  characteristic  of  weakling 
plants.  It  is  noteworthy  that  the  destructive  attacks  of  the  late-blight 
fungus  occur,  as  a  rule,  after  the  blossoming  period  has  passed.  So 
far  as  the  evidence  goes  it  seems  to  suggest  that  high  vegetative  vigor 
enables  the  plant  to  ward  off  in  some  degree  the  fungus  attack. 

There  is,  moreover,  a  natural  decline  in  vigor,  or  ''running  out,'' 
with  the  age  of  the  variety.  The  length  of  life  of  a  variety  depends 
upon  numerous  conditions,  and  is  an  indefinite  matter  in  any  case.  It 
is  ordinarily  placed  by  potato  specialists  at  from  twelve  to  twent3^ 
years.  As  a  variety  begins  to  "nm  out"  it  apparently  shows,  among 
other  things,  a  lessened  degree  of  general  disease  resistance.  Thus 
Magnum  Bonum  had  the  highest  reputation  in  this  respect  from  its 
origin  in  1876  until  about  1890  in  Great  Britain.  On  the  Continent  it 
has  remained  longer  in  favor.  Up-to-Date  has  held  a  like  place  during 
the  last  decade  in  Great  Britain,  and  Richter's  Imperator  has  a  similar 
record  in  Germany.  These  statements  are  based  upon  the  popular 
verdict,  not  upon  exact  experiments;  but  the  belief  that  disease  resist- 
ance decreases  with  the  age  of  the  variety  is  firmly  established  in  the 
minds  of  specialists  in  potato  culture  in  Great  Britain,  at  least  so  far 
as  concerns  resistance  to  PhA'tophthora. 

There  is  little  definite  evidence  regarding  the  relation  of  vegetative 
vigor  to  resistance  to  other  diseases,  but  so  far  as  it  is  formulated  it 

a  See  Jones,  L.  R.,  Certain  Potato  Diseases  and  Their  Remedies,  Vermont  Exp.  Sta. 
Bill.  72:  4  (1S99);  also  The  Diseases  of  the  Potato  in  Relation  to  Its  Development, 
Trans.  Mass.  Hort.  Soc.  (1903),  Parti:  144. 
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favors  the  general  applicability  of  the  idea.  The  production  of  ber- 
ries, or  seed  balls,  is  held  })v  some  English  breeders  to  be  an  indica- 
tion of  such  vigor,  and  therefore  presumably  of  disease  resistance, 
although  no  one  claims  that  the  absence  of  these  is  equally  strong 
evidence  in  the  opposite  direction.  It  is  worthy  of  passing  note  that 
berries  are  formed  much  more  commonly  in  Europe,  especially  in 
Germany  and  Holland,  than  in  America,  apparently  because  of  cli- 
matic differences. 

THE   RELATION   OF  HYBRIDITY    TO   DISEASE   RESISTANCE. 

By  a  "new  variety"  of  potato,  as  the  term  is  commonly  used,  is 
meant  one  recentl}^  developed  from  the  seed.  Sports  may  appear  and 
are  indeed  frequent  in  some  varieties.  These  will,  however,  be  men- 
tioned later.  The  seed  in  all  cases  presumably  represents  a  sexual 
origin,  i.  e.,  comes  from  a  fertilized  flower,  but  this  ma}^  have  been 
either  self -fertilized  or  cross-fertilized.  One  would  expect  greater 
vigor  to  result  from  the  cross-fertilization,  and  potato  breeders  are  of 
the  opinion  that  it  is  secured.  On  the  other  hand,  while  varieties 
recently  originated  from  seed  may  show  a  high  degree  of  disease 
resistance,  this  is  not  necessarily  the  case  according  to  the  verdict  of 
English  and  German  breeeders,  many  new  varieties  proving  as  sus- 
ceptible as  old  ones. 

Reference  has  already  been  made  to  the  work  of  Cathcart  and  Sut- 
ton in  England  and  of  Heckel  and  Labergerie  in  France  based  on  the 
hope  of  advantage  from  using  one  or  another  of  the  wild  Solanums 
for  such  hybridizing.  There  are  interesting  possibilities  along  this 
line,  since  there  are  many  wild  forms  of  S,  tuherosinn  in  addition  to 
other  species  of  tnberiferous  Solanums.  Thorough  trials  of  these  are 
now  being  made  by  Stuart^  at  the  Vermont  Experiment  Station  which 
will  be  reviewed  later  in  this  paper.  It  should  l)e  emphasized  at  once, 
however,  that  while  the  use  of  the  wild  Solanums  does  offer  interest- 
ing possibilities,  there  is  no  record  of  practical  success  from  their  use, 
if  we  except  the  doubtful  one  of  Labergerie's  variety  of  S.  comrner- 
fffmli  previously  referred  to.  On  the  other  hand,  great  practical 
improvements  have  been  secured  by  various  breeders  from  crossing 
varieties  of  cultivated  potatoes. 

IMPROVEMENT   BY   SELECTION. 

All  plants  tend  to  vary.  One  of  the  commonest  ways  to  improve 
plants  is  b\'  selection  from  among  the  var\^ing  individuals.  For  the 
first  two  years  after  their  origin,  variants,  or  "rogues,"  are  not  uncom- 
mon with  the  seedling  potato,  but  the  variety  is  ''fixed"  l)v  the  weed- 
ing of  such  rogues  before  it  is  distributed  for  general  culture,  and 

a  Stuart,  W.,  Disease- Resistant  Potatoes,  Vermont  Exp.  Sta.  Bui.  115  (May,  1905). 
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thereafter  very  little  variation  occurs.  Some  modification  is  to  b< 
expected,  nevertheless,  and  among  other  things  there  may  be  varia 
tion  in  disease  resistance.  It  seems  worth  while,  therefore,  to  keep  t 
lookout  for  individual  plants  which  show  especial  resistance  to  th< 
blight  when  this  is  epidemic  about  them.  The  tubers  of  such  indi 
viduals  deserve  to  be  carefully  saved  apart  and  planted,  in  order  tha 
it  may  be  seen  whether  their  resistance  is  a  fixed  and  inheritable  char 
acter  or  the  result  of  some  chance  difference  in  environment.  Sucl 
selection  has  already  been  undertaken  by  three  persons  to  our  know! 
edge:  Appel  in  (lermany,^  Stuart  in  Vermont,*  and  Fraser  in  Nev 
York;^  but  no  practical  results  have  as  yet  been  secured. 

ARE   EARLY   OR  LATE   VARIETIES  THE  MORE   RESISTANT? 

The  blight  never  becomes  serious  until  the  midseason  of  potatc 
growth  is  passed;  thus  in  our  Northern  States  its  worst  ravages  come 
in  August  and  September.  Therefore  early  varieties,  as  a  rule,  escape. 
But  this  is  simply  because  they  mature  before  the  blight  is  epideinic. 
So  far  as  evidence  has  been  secured,  both  in  America  and  Europe, 
when  the  early  varieties  are  planted  late  enough  to  expose  them  tc 
the  disease  alongside  of  the  later  ones,  the  earW  varieties  as  a  class  suf- 
fer the  worst.  For  example,  the  most  complete  destruction  by  rot 
which  the  writer  ever  saw  was  with  a  late  crop  of  Early  Ohio  potatoes 
attacked  by  the  disease  in  September.  Woods,^  of  Maine,  has  alsc 
found  early  varieties  especially  susceptible. 

RELATION   OF   SOURCE    OF   SEED    AND   CULTURAL    METHODS   TO    DISKASE 

RESISTANCE. 

The  opinions  of  highly  intelligent  potato  growers  in  Great  Britain 
are  especially  worthy  of  note.  One  of  the  first  concerns  with  them  is 
the  source  of  their  seed.  Mention  has  alread}'^  been  made  of  the  experi- 
ments at  Sutton's  grounds,  showing  the  superiority  of  northern-grown 
seed.  It  was  found  to  be  the  general  verdict  of  practical  men  in 
Europe  that  northern-grown  seed  is  more  highly  disease  resistant,  as 
well  as  more  productive.  If  one  is  to  aim  for  the  best  results  in 
health  of  crop,  therefore,  attention  should  be  directed  to  quality  and 
source  of  seed  as  well  as  to  varietv. 

Practical  men  as  well  as  scientists  generally  agree  that  methods  of 
culture  also  determine  to  a  considerable  degree  liability  to  disease. 
Those  act  not  only  indirectly  as  the}^  affect  moisture  content  or  other 
ph3^sical  conditions  of  the  soil,  but  more  directly  as  they  affect  the 


aAp|)el,  Otto.     Die  dieajiihrige  Phytophthora-epidemie,  Deutsche  Landw.  Presse, 
XXIX:  68.5  (1902). 

ft  Vermont  Exp.  Sta.  Bui.  115,  p.  139. 

c  Rei)orted  in  correspondence. 

d  Woods,  C.  D.,  Maine  Exp.  Sta.  Rpt.,  XIX:  181  (1903). 
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rigor  or  inherent  disease  resistance  of  the  plant  itself.  Seed  dealers 
in  this  country,  as  well  as  in  England,  have  also  expressed  a  prefer- 
ence for  seed  from  a  crop  that  has  not  been  very  highly  fertilized, 
especially  with  nitrogenous  manures.  The  most  detailed  study  along 
this  line  is  that  of  Laurent,^  whose  results  indicate  that  nitrogenous 
fertilizers  predispose  both  the  foliage  and  the  tubers  of  the  plants  to 
the  attacks  of  Phytophthora.  This  is  in  harmony  with  the  general 
opinion  of  practical  potato  growers,  that  high  manuring  increases  the 
liability  to  disease. 

COMPOSITION    AND    CHARACTER    OF    TUBERS    AS    RELATED    TO    ROT 

RESISTANCE. 

There  is  considerable  evidence  that  the  chemical  composition  of  the 
tubers  bears  a  direct  relation  to  resistance  to  rot.  Paulsen*  claimed 
that  varieties  rich  in  nitrogen  compounds  are  less  resistant  to  disease 
than  those  rich  in  starch.  He  classed  most  of  the  early  varieties  in 
the  first  category  and  found  the  larger  percentage  of  the  second  class 
to  be  of  the  late  varieties.  The  table  varieties  of  better  quality  were 
also  of  the  first  category. 

Petermann^  has  recently  made  field  and  laboratory  studies  at  the 
Belgium  Experiment  Station.  These  led  him  to  practically  the  same 
conclasions,  viz,  (1)  that  varieties  richer  in  amids  are  more  liable  to 
rot,  although  of  superior  table  quality;  and  (2)  that  varieties  relatively 
richer  in  starch,  including  several  recently  originated  German  factory 
varieties,  are  less  liable  to  rot  but  are  of  inferior  quality  for  table  use. 

Sorauer''  has  published  similar  conclusions,  and  he  made  more 
detailed  statements  as  to  his  belief  on  this  point  in  conversation  last 
summer.  In  geneml,  he  believes  that  the  varieties  richer  in  protein 
arc  more  liable  to  disease,  while  those  richer  in  starch  are  more 
resistant.  This  probably  explains  his  observation  that  the  yellow- 
fieshed  varieties,  which  are  in  higher  repute  in  Germany  for  table  use, 
are  more  liable  to  disease*  than  the  white-fleshed  varieties  which  are 
grown  for  factor}^  purposes.  His  further  observations  in  harmon\^ 
with  this  idea  are  that  the  thicker  and  rougher  skinned  red  varieties^ — 
e.  g.,  Dabersche — have  a  higher  degree  of  disease  resistanc^e,  coupled 
with  relatively  liigh  starch  and  low  protein  content,  whereas  the  thin- 
skinned  white  varieties,  which  are  more  liable  to  the  disease,  have 


«I^urent,  Recherches  exp.  sur  la  mal.  des  plantt»s,  Ann.  Inst.  Past.,  XIII,  pp. 
1-48  (1899). 

&Bie<lermann's  Central bl.  Agr.  Chem.,  1887,  p.  107. 

cBul  Inst.  Chim.  et  Bact.  Gembloiix,  70  (1901). 

<*  Jahresber.  d.  Sondersaussch.  f.  Pflanzensch.,  XII  and  XIII  (1902  and  1903). 

'See  evidence  of  this  also  in  Jahresber.  d.  Sondersaussch.  f.  Pflanzensch.,  XIII, 
1903. 

/See  also  statement  that  red  varieties  are  in  general  more  resistant;  Jahresber.  d. 
Sondersaussch.  f.  Pflanzensch.,  XII,  1902. 
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proportionatelj'  less  starch  and  more  protein.  As  a  rough  empirical 
test  he  considers  that  if,  when  a  fresh  tuber  is  cut  open,  the  flest 
browns  quickly  on  exposure  to  the  air  and  the  vascular  bundles  darker 
soon,  it  is  evidence  of  high  protein  content,  and  therefore  of  liabilit\ 
to  disease,  whereas  the  reverse  condition  is  evidence  of  probable  dis- 
ease resistance.  Professor  Sorauer  also  emphasized  to  the  writer  hi* 
belief  in  the  relation  of  soil,  manuring,  or  other  cultural  condition  tc 
disease  resistance.  The  testimony  secured  elsewhere  in  Germany,  a$ 
well  a^:!  from  American  sources,  is  in  harmony  with  these  ideas  so  fai 
as  it  goes. 

While  character  of  skin  is  probably  a  less  reliable  index  to  rot 
resistance  than  is  chemical  composition,  yet  the  writer  has  learned  of 
several  potato  experts  in  America,  as  well  as  others  in  Europe,  who 
regard  the  red  varieties,  especially  such  as  have  a  rough  skin,  as  less 
liable  to  rot  than  are  the  white  thin-skinned  varieties.  The  Dakota 
lied  has  often  been  cited  as  an  example  of  this  class  in  America. 
Abundant  evidence  can  be  found,  however,  especially  from  English 
experience,  of  high  disease  resistance  coupled  with  a  thin,  white  skin. 
Breeders  aiming  at  disease  resistance  need  not  turn  from  the  white- 
skinned  varieties. 

CHARACTER  OF  STEM  AND  FOLIAGE  AS  RELATED  TO  DISEASE  RESISTANCE. 

In  connection  with  the  question  of  the  relation  of  the  chai*acter  of 
the  stem  and  foliage  to  disease  resistance  it  is  not  safe  to  go  far  in 
generalizing.  Mr.  Lasham,  potato  expert  and  breeder  with  Sutton  & 
Sons,  considers  that  a  stem  that  is  strong,  rough,  and  hard,  almost 
woody  at  the  base,  is  an  impoiiant  character  if  the  plant  is  to  be  most 
highly  disease  resistant.  The  nature  of  the  foliage  is  considered  by 
others  to  be  of  greater  importance,  the  preference  being  for  small 
leaflets,  rough  and  relativel}'^  thick  rather  than  large  and  flabby.  A 
rich  dark-green  is  preferred  to  the  lighter  colored  foliage.  It  seems 
inherentl}^  probable  that  the  character  and  color  of  foliage  should 
stand  in  close  relation  to  the  other  matters  which  have  with  more  cer- 
taint}"  been  shown  to  be  related  to  disease  resistance,  viz,  general 
vigor  and  capacity  for  starch  manufacture.  Those  giving  further 
attention  to  disease  resistance  may,  therefore,  well  bear  these  sugges- 
tions in  mind. 

DISEASE-BESISTANT  VABIETIES  OF  EX7B0PE. 

When  all  the  factors  are  considered,  two  important  things  become 
evident:  First,  that  no  variety  will  maintain  its  disease-resistant  qual- 
ities indetinitel}^,  losing  them  sooner  in  one  locality  than  in  another; 
second,  that  no  one  variety  will  be  equally  disease  resistant  in  all 
countries,  i.  e.,  what  is  best  suited  to  one  may  not  be  to  another. 
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Hence  we  must  expect  much  conflicting  evidence  regarding  the  same 
rariety,  especially  as  grown  under, different  conditions  and  in  different 
countries. 

The  most  satisfactory  way  will  be  to  summarize  separately  the  evi- 
dence obtained  in  each  country  visited  in  Europe,  followed  by  that 
from  America. 

The  greatest  activity  in  breeding  for  resistance  occurs  in  Great 
Britain,  and  next  to  this  in  Germany,  while  France  has  recently  shown 
special  activity  in  one  line.  There  were  secured  from  each  of  these 
countrieis  all  the  varieties  of  especial  promise  for  trial  in  America — 
comprising  a  total  of  nearly  one  hundred.  By  no  means  all  of  these 
have  an  established  reputation  as  being  highly  disease  resistant, 
although  all  will  be  tested  for  this  as  well  as  other  characters. 

Experience  has  shown  that  the  transference  of  a  variety  from  Europe 
to  America,  or  the  reverse,  is  likely  so  to  disturb  the  equilibrium  of 
the  plant  that  the  developments  of  the  first  year  are  scarcely  normal. 
At  least  two  years  are  necessary  for  the  adequate  testing  of  imported 
varieties.  Commercial  growers  should  therefore  make  only  trial 
plantations  of  any  European  variety  until  its  adaptability  to  American 
conditions  has  been  proved.  Seed  of  the  varieties  secured  will  be 
under  trial  at  several  points  this  season  and  next.  While  it  does  not 
seem  worth  while  to  publish  the  full  list  of  these  in  advance,  the  fol- 
lowing are  selected  as  representing  the  varieties  or  types  most  strongly 
indorsed  in  their  respective  countries  for  disease  resistance. 

GREAT   BRITAIN. 

More  attention  has  been  given  to  this  question  in  Great  Britain 
than  anywhere  else.  Careful  comparative  observations  are  recorded 
as  to  the  relative  disease  resistance  of  all  the  leading  varieties.  The 
last  report  of  the  National  Potato  Society  specifies  the  following  eight 
varieties  as  the  best  for  disease  resistance,  named  in  the  order  of  their 
merit.  The  writer  appended  certain  facts  as  to  the  origin  and  charac- 
ters of  each.  All  are  white  skinned,  white  fleshed,  of  excellent  qual- 
ity, of  high  general  vigor,  and  heavy  yielders. 

Table  I. — The  nuntt  dhsease-rmsiant  mrietieH  of  potatoes  in  Great  Britain ^  a)<  announced 

bij  the  National  Potato  Society. <^ 


imler  i  i  When 

of  Name  of  variety.  ]  Originator.  '    sent  Season, 

merit,  '    out.    i 


1     Evergood '  Findlay 

„  /Discovery '  Sutton . . 

^  IRoyal  Kidney |  Findlay 

3  ,  Northern  Star \ do.. 

4  SirJohn  Llewelyn ,  Harri.s.. 

5  i  King  Edward  VII i  Butler . . 

6  Eldorado i  Findlay 

7  '  Factor •. i  Dobblc  . 


18%  '  Medium  late. 

1903  '  l.ale. 

1896  I  Second  earl  v. 

1901  Late. 

1900  I  Early. 

1901  i  Medium. 
1903  I  Medium  late. 
189S  :  Late. 


aAnnual  Report,  National  Potato  Society,  I:  36  (1904). 
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Two  points  brought  out  by  the  foregoing  table  are  worthy  of  espe- 
cial note:  First,  the  remarkable  success  of  one  man  in  producing  four 
of  these  eight  varieties,  showing  that  there  is  something  more  than 
chance  in  their  development;  second,  the  comparatively  recent  origin 
of  all.  For  the  latter  fact  there  is  probably  a  double  explanation:  (1) 
The  loss  of  disease  resistance  with  age  of  the  variety;  (2)  the  remark- 
able activity  of  British  potato  breeders  during  the  last  few  years,  with 
the  aim  above  all  else  of  securing  increased  disease  resistance. 

It  should  be  remarked  that  there  are  a  number  of  more  recent  intro- 
ductions which  promise  to  rank  with  the  best  of  these  varieties,  but 
they  have  not  as  yet  been  so  fully  tested. 

GERMANT   AND  HOLLAND. 

The  potato-growing  industries  of  Germany  and  Holland  have  much 
in  common,  and  similar  or  identical  varieties  are  used.  Data  were  not 
available  for  making  so  definite  a  selection  as  in  Great  Britain.  The 
following  are  probably  representatives  of  the  highest  grade  of  disease 
resistance  achieved: 

Table  II. — The  most  diseaae-rmsimii  varieties  of  potatoes  in  Germany  and  Holland. 


Name. 

Originator. 

SeaHon. 
Late 

Color  of 
skin. 

Mohort 

Dolkowski 

White. 

Irene 

Paulsen 

Medium  late 

Red. 

Geheimrat  Thiel 

Richter 

Oimbal 

Dolkowski 

do 

White. 

ProfesHor  Wohltmanii 

Late 

Red. 

Bonczti 

Medium  late 

Do. 

Eifirenheimer 

(Holland) 

Medium  early 

Late 

White. 

Paul  Kriij?er 

do 

Do. 

The  first  five  varieties  have  been  imported  from  Germany.  All  of 
these  are  of  the  white-fleshed,  starch-rich  type  which  is  being  devel- 
oped there  primarily  for  factory  rather  than  for  table  use.  They  are, 
however,  reputed  to  be  of  fair  quality  except,  perhaps,  in  the  case  of 
Irene.  These,  like  the  British  varieties,  are  of  comparatively  recent 
introduction. 

The  Holland  varieties  are  of  a  similar  type  except  that  Eigenheimer 
,  has  a  yellowish-tinted  flesh. 

FRA^X^E   AND  BELGIUM. 

The  conditions  are  similar  in  France  and  Belgium.  ^  Neither  country 
has  varieties  of  much  promise  for  trial  in  our  Northern  States.  In 
Belgium  the  varieties  recommended  as  being  most  highly  resistant  to 
blight  and  rot  were  the  recently  originated  German  factory  types  like 
those  already  mentioned,  to  which  might  be  added  Topas  and  Pro- 
fessor Maercker.  The  verdict  in  France  was  similar,  Professor 
Maercker  again  being  commended,  along  with  the  English  varieties 
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Magnam  Bonum  and  Royal  Kidney.  The  indorsement  of  these  com- 
paratively late,  white-fleshed,  starch-rich  potatoes  in  France  and  in 
the  other  continental  countries  is  the  more  significant  when  one 
remembers  that  the  chief  aim  with  potato  specialists  there  is  to  produce 
the  yellow-fleshed  potato  rich  in  protein. 

DIdEASE-BESISTAKT  VABIETIES  OF  AMEBIGA. 

Until  two  or  three  years  ago  no  systematic  attempt  was  recorded, 
so  far  as  the  writer  has  learned,  to  determine  the  relative  resistance  to 
blight  and  rot  of  potato  varieties  in  America.  Of  course  this  would 
not  imply  that  individual  growers  have  not  observed  these  differences, 
but  they  are  rarely  matters  of  record,  and  as  a  rule  are  based  only 
upon  limited  observations.  Only  two  or  three  potato-seed  dealers  are 
advertising  disease-resisting  varieties  with  any  prominence  this  year, 
and  these  are  in  all  cases  comparatively  new  and  little-tried  sorts. 

INVESTIGATIONS  AT  THE   EXPERIMENT    STATIONS. 

Promising  investigations  have  been  inaugui'ated  at  several  of  the 
State  agricultural  experiment  stations  which  should  soon  supply  data 
for  more  reliable  conclusions  than  are  now  possible.  Woods,*^  of  the 
Maine  station,  and  Green,*  of  the  Minnesota  station,  have  each 
reported  results  of  variety  trials  as  to  disease  resistance. 

Woods  found  a  marked  difference  in  the  abilitv  of  varieties  to  with- 
stand  both  blight  and  rot.  As  a  rule  the  earlier  varieties  were  soonest 
attacked.  The  variety  Rustproof  showed  the  highest  degree  of  foliage 
resistance  and  also  the  least  rot,  viz,  only  a  little  more  than  1  per  cent, 
whereas  the  average  of  all  varieties  under  trial  was  more  than  30  per 
cent. 

Green  found  that  the  loss  from  rot  varied  widely  with  varieties, 
ranging  from  1  per  cent  in  the  most  resistant  to  40  per  cent  in  the 
least  resistant  types.  Potatoes  of  the  type  of  Sir  Walter  Raleigh  and 
Rural  New  Yorker  resisted  rot  better  than  those  of  anv  other  class. 
Of  the  49  varieties  tested,  onlv  two,  Clav  Rose  and  an  unnamed  seed- 
ling,  were  practically  free  from  rot.     These  trials  will  be  continued. 

Observations  on  disease  resistance  have  also  been  made  b}^  Macoun 
at  the  Central  Experimental  Farm,  at  Ottawa,  Canada.  He  has  kindly 
advised  the  writer,  in  correspondence,  of  his  conclusions.  The  follow- 
ing varieties  have  shown  especial  disease  resistance  as  judged  by 
appearance  of  blight  on  the  foliage:  Ilolburn  Abundance  and  Pro- 
fessor Maercker  are  most  resistant,  with  Swiss  Snowflake,  State  of 
Maine,  and  Rural  Blush  onlv  a  little  less  so. 

a  Woods,  C.  D.,  Maine  Exp.  Sta.  Report,  XIX:  181  (1903). 

ft  Green,  8.  B.,  Potatoes  at  the  University  Farm,  Minn.  Exp.  Sta.  Bui.  S7  (1904). 
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WORK   AT  THE   VERMONT  STATION. 


The  most  extensive  work  on  potatoes  has  been  done  by  Stuart,  who 
two  3^ears  ago  inaugurated  at  the  Vermont  station  variety  trials  as  to 
disease  resistance,  supplemented  by  breeding  experiments.  Professor 
Stuart  has  kindly  supplied  the  following  summary  of  his  results  to 
date:^ 

Eight  varieties  were  under  trial  in  1903 — Dakota  Red,  Enormous, 
Green  Mountain,  Rustproof,  Squire,  Sir  Walter  Raleigh,  and  two  of 
Manum's  unnamed  seedlings.  In  1904  the  same  varieties  were  used,  with 
the  addition  of  June,  Mammoth  Gem,  Minister,  New  Queen,  State  of 
Maine,  Sutton's  Discovery,  nine  more  of  Manum's  seedlings,  S.  co7n' 
merso7iu  from  Doctor  Heckel,  of  France,  a  Peruvian  variety  from  the 
United  States  Department  of  Agriculture  at  Washington,  and  four 
Mexican  varieties  furnished  by  Mr.  C.  G.  Pringle.  The  latter  included 
two  cultivated  varieties  termed  Monterey  and  Mexican,  and  the  two 
wild  species,  S,  polyadeninm  and  S.  stoloniferum.  Observations  have 
been  made  as  to  both  foliage  and  tuber  resistance.  As  to  foliage,  none 
was  wholly  free  from  blight,  but  there  was  a  marked  diiference,  some 
being  quickly'  and  entirely  destroyed,  while  others  suffered  onl^- 
slightly.  In  1903  Rustproof  headed  the  list  in  this  respect,  and  Dakota 
Red  was  second.  In  1904  those  showing  greatest  foliage  resistance 
were  as  follows,  in  the  order  of  their  resistance:  Monterey,  aS'.  coin- 
riierHonii,,  S.  polyadenium^  Rustproof ,  Sutton's  Discovery,  June,  Mex- 
ican, Mammoth  Gem,  and  Manum's  No.  3.  Dakota  Red  did  not  equal 
its  1903  record. 

Judged  by  resistance  of  tubers  to  rot,  Dakota  Red  made  the  best 
showing  of  the  varieties  which  \vere  tested  for  two  seasons,  but  there 
was  some  rot  in  it  both  years.  Of  those  added  to  the  series  of  1904 
several  varieties  gave  a  crop  of  tubers  entirely  free  from  rot,  namely 
S.  polyadeninm^  S,  commerson! i^  Sutton's  Discovery,  June,  and  the 
two  Mexican  varieties.  It  is  noteworthy  that  these  are  likew^ise  the 
varieties  which  showed  the  least  blighting  of  the  foliage.  Possibly 
the  absence  of  rot  is  in  some  degree  attributable  to  the  lessened  amount 
of  infection  of  tubers  from  vines  in  consequence  of  this,  although  there 
w^ere  adjacent  plants  showing  badl}^  diseased  foliage. 

Select !cm. — In  1903  a  few  plants  in  the  varieties  grown  were  observed 
to  remain  green  longer  than  the  others.  The  tubers  from  these  were 
saved  and  were  planted  in  1904  along  with  othei's  of  the  same  variety 
that  succumbed  much  earlier.  So  far  as  could  be  noted  no  increased 
disease-resistant  qualities  were  transmitted  to  the  offspring  of  these 
plants. 

«For  further  (details  see  Stuart,  VV.,  Disea4!ie-Reaistant  J'otatoes,  Vermont  Exp.  Sta. 
Bul.  115  (May,  1905). 
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In  view  of  the  limited  number  of  varieties  tested  and  the  consequent 
restricted  scope  of  observation,  it  would  hardly  be  justifiable  as  yet  to 
give  an  expression  of  opinion  as  to  the  probable  outcome  of  such  a  line 
of  investigation.  These  observations  are  to  be  continued  on  a  much 
larger  scale  the  coming  season. 

Hyhrtd  and  other  seedlings. — Seedlings  were  grown  in  1903  from  the 
Mexican  species  supplied  by  Mr.  Pringle — S.  polyadenium^  S,  Htohmi- 
feruin^  and  8.  iulboca^tanum.  This  number  has  recently  been  aug- 
mented bj^  S.  verrucoKUia  and  a  wild  form  of  S,  tuheroswu.  In  1904 
some  of  these  were  successfully  hybridized  with  the  cultivated  potato. 

While  it  is  yet  too  early  to  say  very  much  regarding  the  possibili- 
ties of  developing  a  commercially  desirable  disease-resistant  variety  of 
potato  through  the  hybridization  of  wild  species  with  our  cultivated 
varieties,  there  seems  good  reason  for  believing  that  improvement  may 
result  from  such  crossing,  especially  as  to  disease  resistance. 

In  addition,  a  large  number  of  seedlings  of  the  common  potato  were 
grown  in  1904.  Among  this  number  several  vigorous-growing  plants 
were  noted,  which  remained  quite  green  up  to  the  time  of  digging. 
Some  50  of  the  more  promising  of  these  were  saved  for  trial  the  com- 
ing season.  Selections  were  based  on  vigor  of  vine,  size  and  yield  of 
tubers,  and  freedom  from  rot. 

One  of  the  most  interesting  and  instructive  features  of  the  seedling 
experiment  was  the  object  lesson  it  presented  of  the  extreme  vigor  of 
some  of  the  plants,  showing  quite  plainl}?^  that  one  of  the  best  sources 
for  increasing  the  vigor  lies  in  the  production  of  new  varieties  from 
seed.  Proper  fertilization  and  good  tillage  are  also  important  aids  in 
increasing  the  vigor  and  disease-resisting  powers  of  the  vine. 

While  the  data  in  hand  do  not  warrant  broad  generalizations,  the 
following  inferences  are  drawn  by  Professor  Stuart: 

(1)  Some  varieties  are  less  subject  to  vine  injury  than  others. 

(2)  Some  show  a  greater  tuber  resistance  to  rot  than  others. 

(3)  With  some  there  seems  to  be  a  fairly  close  relation  between  resist- 
ance of  vine  to  disease  and  of  the  tuber  to  rot. 

(4)  Selection  has  not  given  visible  increase  of  resistance. 

(5)  Hybridization  and  the  growing  of  seedling  plants,  followed  by 
careful  selection,  seem  to  oflfer  a  more  logical  method  of  securing 
disease-resistant  varieties  than  does  selection. 

INFORMATION   SECURED  BY  A   CIRCULAR  OF  INQUIRY. 

In  order  to  secure  all  information  possible  as  to  the  relative  merits 
of  the  varieties  now  before  the  public,  a  circular  letter  of  inquiry  was 
sent  recently  to  various  experiment  station  officers  and  to  about  two 
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hundred  potato  specialists  in  the  United  States  and  Canada®  asking 
their  opinions  and  the  basis  for  them.  There  was  a  surprising  lack 
of  agreement  upon  any  one  variety  as  being  especially  disease  resist- 
ant. The  replies  indicate  several  things:  (1)  That  very  few  American 
potato  specialists  have  up  to  the  present  time  given  careful  attention 
to  this  question;  (2)  that  there  are  few  varieties  in  common  use  which 
have  preeminent  worth  as  disease  resisters;  and  (3)  that  in  so  large  a 
geographical  area  local  conditions  affecting  culture  and  disease  are  so 
widely  variant  as  to  prevent  close  comparisons  or  broad  generaliza- 
tions. No  less  than  38  varieties  were  commended  as  showing  resist- 
ance to  blight  or  rot.  Of  these,  26  were  commended  only  once,  while 
the  other  12  were  favorably  spoken  of  b}^  two  or  more  persons.  Still 
other  varieties  were  mentioned,  but  not  with  sufficient  positiveness  to 
entitle  them  to  a  place  in  the  following  list.  Those  named  more  than 
once,  with  the  locality  in  which  they  were  indorsed,  are  as  follows: 

Table  III. — The  best  varieties  of  potatoes  in  the  United  States  and  Oanada,  as  reported  by 

various  experiment  station  officers  and  potato  specialists. 


Variety. 


^——— 1 

Dakota  Red 

Irish  Cobbler 

Green  Mountain 

Doe's  Pride 

Norcrass 

White  Beauty 

Profeasor  Maercker , 

Ionia  Seedling 

.Quick  Lunch 

Rustproof 

Sir  Walter  Raleigh 

Vermont  Gold  Coin 


Number 
of  In- 
dorse- 
ments. 


10 


3 
8 
2 
2 
2 
2 
2 
2 
2 


Localities  in  which  commended. 


Canada  (4);  Maine  (8);  Massachusetts; 
Michigan;  New  York. 

New  York  (2);  Maine;  Ohio;  Rhode 
Island. 

Maine  (2);  Massachusetts  (2);  Ver- 
mont. 

Maine  (2):  Michigan. 

Maine;  New  York;  Vermont. 

Maine;  Minnesota. 

Canada;  Rhode  Island. 

New  York. 

Pennsylvania;  Vermont. 

Vermont. 

Minnesota;  New  York. 

Penn.sylvania;  New  York. 


The  following  varieties  were  mentioned  once  each,  the  commenda- 
tion coming  from  the  localitj'^  mentioned  in  parentheses:  American 
Wonder  (Minnesota);  Babbitt  (Maine);  Bonanza  (New  York);  Boss 
(Vermont);  Buffalo  (Maine);  Burbank  (New  York);  Cambridge  Kusset 
(New  York);  Carmen  No.  3  (Ohio);  Clarke's  Pride  (Maine);  Clay  Rose 
(Minnesota);  Crines  Lightning  (New  Jersey);  Delaware  (Minnesota); 
Enormous  (New  York);  Gem  of  Aroostook  (Rhode  Island);  Gloria 
(Rhode  Island);  Harris  Snowball  (New  York);  Holborn  Abundance 
(Canada);  Imperial  Mills  Prize  (Maine);  Keeper  (New   Hampshire); 

« The  writer  is  indcbt^^d  to  the  following  experiment  station  officers  for  helpful 
advice:  Professors  Macoun,  Canada;  Woods,  Maine;  Raue,  New  Hampshire;  Stuart, 
Vermont;  Brooks,  Massachusetts;  Wheeler  and  Adams,  Rhode  Island;  Fraser  and 
Stewart,  New  York;  Buckhout,  Pennsylvania;  Halsted,  New  Jersey;  Selby,  Ohio; 
Taft,  Michigan;  and  Green,  Minnesota.  Much  information  has  been  secured  from 
the  replies  of  leading  potato  growers  and  seed  dealers.  It  is  regretted  that  it  is 
impracticable  to  give  detailed  credit  to  these  correspondents. 
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Professor  Kuehn  (Rhode  Island);  Million  Dollar  (Michigan);  Orange 
Blossom  (Vermont);  Rural  New  Yorker  No.  2  (Vermont);  Scabproof 
(Wisconsin);  Squier  (Vermont);  Star  of  the  East  (Maine);  State  of 
Maine  (Canada);  Swiss  Snowflake  (Canada);  Virgirosa  (Vermont); 
Westfield  (Vermont);  White  Scotch  King  (Minnesota).  In  addition 
three  unnamed  varieties  received  favorable  mention  from  Vermont. 

From  these  reports  it  is  observed  that  certain  varieties  like  Dakota 
Red,  Rustproof,  and  Keeper  have  very  well  proved  powers  of  disease 
resistance,  but  lack  other  desirable  characters  to  make  them  popular 
varieties.  Several  of  the  standard  main-crop  varieties  are  in  some 
degree  disease  resistant,  and  doubtless  owe  their  general  popularity,  in 
a  measure,  to  this  fact,  although  it  has  not  been  clearly  defined.  To 
this  group  belong  Carmen's  best  productions — Carmen  No.  3,  Sir 
Walter  Raleigh,  Rural  New  Yorker  No.  2,  and  Rural  Blush — Green 
Mountain,  State  of  Maine,  Delaware,  Enormous,  and  White  Beauty. 
Irish  Cobbler  is  highlj'^  spoken  of  as  disease  resistant,  but  it  is  a 
question  whether  this  may  not  be  in  part  due  to  its  early  maturity,  by 
virtue  of  which  it  escapes  the  worst  ravages  of  Phytophthora. 

There  is  also  a  very  promising  series  of  new  seedlings  which  should 
be  carefully  watched  as  to  disease-resisting  characters,  among  which 
may  be  especially  mentioned  Norcross,  Star  of  the  East,  and  Babbitt 
(Johnson  Seed  Company);  Vermont  Gold  Coin  (Burpee);  Ionia  Seed- 
ling (Dibble);  Harris  Snowball  (Harris  &  Co.). 

It  is  encouraging  to  learn  from  the  replies  that  several  of  the  newer 
German  and  English  varieties  which  are  reputed  disease  resisting  in 
their  home  countries  have  upon  trial  in  America  made  a  good  show- 
ing. This  is  evidenced  by  the  reports  from  the  Rhode  Island  and 
Canada  stations  favorable  to  Professor  Maercker,  Gloria,  Professor 
Kuehn  (German),  Holborn  Abundance  (English),  and  Swiss  Snowflake. 

RESISTANCE  TO   SCAB. 

It  is  a  matter  of  common  observation  that  some  varieties  of  potatoes 
are  more  liable  to  scab  than  are  others.  Reference  has  been  made 
earlier  in  this  publication  to  conclusions  to  this  efi'eet  reached  in  Ger- 
many. So  far  as  known  the  only  American  publication  recording  the 
results  of  comparative  trials  as  to  scab  resistance  is  that  made  by  the 
Vermont  Agricultural  Experiment  Station  in  1901-2.''  Thirteen  varie- 
ties were  tested  in  1901  and  fourteen  in  1902  in  soil  badlv  infested 
with  scab  germs.  While  all  showed  some  scab,  there  was  a  consider- 
able difference  in  the  amount.  Sir  Walter  Raleigh  made  a  good  show- 
ing both  years,  but  an  unnamed  seedling  sent  b}^  Mr.  A.  E.  Manum, 
his  No.  56,  was  more  highly  resistant.  These  trials  established  the 
writer's  confidence  that  still  more  resistant  strains  may  be  secured  by 

a  Jones,  L.  R.,  and  W.  J.  Morse.     Vennont  Exp.  Sta.  Report,  XV:  225  (1902). 
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breeding  and  selection.  Prof.  William  Stuart,  of  the  Vermont  station, 
has  undertaken  this  work  in  connection  with  the  development  of  resists 
ance  to  blight  and  rot.^  He  has  made  further  trials  during  the  last 
two  years,  but  without  conclusive  results  as  3^et. 

A  request  for  information  as  to  relative  scab  resistance  was  inserted 
in  the  circular  of  inquiry,  already  referred  to,  recentty  sent  to  Amer- 
ican potato  specialists.  Most  of  the  replies  to  this  question  were 
negative  in  character,  but  a  number  gave  interesting  information, 
some  of  which  is  especially  pertinent.  The  strongest  evidence  as  tx> 
scab  resistance  comes  from  Mr.  Hiram  Presley,  of  Port  Huron,  Mich., 
a  potato  specialist,  who  has  tested  hundreds  of  varieties  during  the  pa.st 
thirty  years.  He  commends  the  Cambridge  Russet  as  practically 
exempt  from  scab.  Mr.  Frank  Paddock,  of  Perry,  N.  Y.,  gives  like 
evidence. 

Carmen  No.  3  is  highly  spoken  of  as  scab  resisting  by  several  grow- 
ers in  Ohio,  New  York,  and  Vermont,  but  one  Michigan  correspondent 
condemns  it. 

American  Giant  receives  strong  indorsement  from  Freehold,  N.  J., 
and  vicinity;  Salzer's  Scabproof  from  Wisconsin,  and  Aurora  from 
Vermont.  Favorable  reports  come  from  New  York  regarding  Sir 
Walter  Raleigh  and  Irish  Cobbler,  and  from  Canada  regarding* 
Mclntyre. 

The  following  were  each  commended  by  one  correspondent  from  the 
localities  mentioned  in  parentheses:  Best  (Maine);  Doe's  Pride  (Maine); 
Early  Freeman  (Ontario);  Keeper  (New  Hampshire);  Seneca  Beauty 
(Michigan);  Squier  (Vermont);  White  Beauty  (Michigan);  1f\Tiite 
Elephant  (New  Jersey);  White  Scotch  King  (Minnesota). 

On  the  other  hand,  the  Early  Ohio  and  some  of  its  seedlings  are 
condemned  as  especially  liable  to  scab.  Early  Rose,  Bliss  Triumph, 
and  Beauty  of  Hebron  are  also  reported  to  scab  badly. 

It  is  encouraging  to  note  that  in  some  cases  the  same  variety  is  rated 
as  in  a  high  degree  resistant  to  both  diseases,  the  scab  and  the  late-blight 
and  rot.  A  similar  coincidence  will  be  found  if  a  comparison  is  made 
of  the  lists  of  German  varieties  showing  resistance  to  the  several 
diseases  discussed  earlier  in  these  pages,  and  the  same  thing  was 
observed  in  some  degree  with  the  English  varieties. 

This  indicates  that  the  attributes  which  give  power  of  resistance 
against  one  disease  are  not  incompatible  with  those  operative  against 
another.  Indeed,  it  is  not  unlikely  that  the  general  characteristics  of 
disease  resistance  may  prove  to  be  similar  or  the  same  for  these  vari- 
ous maladies.  If  so,  it  will  prove  the  easier  to  secure  the  model 
potato,  which,  while  possessing  that  which  is  desirable  in  quality  and 
productiveness,  shall,  in  addition,  show  the  highest  degree  of  resist- 
ance to  the  various  diseases.     This  is  an  ideal  worth  striving  for. 

^Vermont  Exp.  Sta.  Bui.  115,  p.  139. 


8UMMART.  37 


The  aim  of  this  bulletin  is  to  present  in  concise  forai  what  is  known 
about  disease  resistance  of  potatoes.  Much  of  this  information  is  from 
European  sources. 

Certain  minor  diseases  of  obscure  nature,  but  apparently  nonpara- 
sitic, are  first  considered — the  internal  brown  spot,  filosito,  and  leaf- 
spot.  Among  remedial  measures  for  each  is  the. selection  of  resistant 
varieties. 

Scab  diseases  of  tubers  are  in  most,  and  perhaps  in  all,  cases  of  para- 
sitic origin — fungous  or  bacterial.  Apparently  the  variety  of  these  is 
greater  in  Europe  than  in  America,  but  the  severity  is  less  in  Europe. 
It  is  undecided  to  what  extent  the  American  type  of  scab  occurs  in 
Europe,  so  a  close  comparison  of  conditions  and  remedies  is  not  prac- 
ticable. In  Germany  certain  varieties  are  known  to  !>e  more  scab 
resistant  than  others,  among  them  being  Richter's  Imperator,  Profes- 
sor Wohltmann,  and  Irene.  The  same  is  true  in  America,  Cambridge 
Russet  leading  the  list,  so  far  as  is  known.  Other  American  varie- 
ties showing  a  considerable  degree  of  resistance  are  Carmen  No.  3, 
American  Giant,  Sir  Walter  Raleigh,  and  Irish  Cobbler.  Scabproof 
and  Aurora  are  also  highly  commended  for  scab  resistance. 

Various  stem  diseases  of  the  potato  are  known.  The  commonest 
type  in  Europe  is  termed  blackleg  (Schwarzbeinigkeit),  a  bacterial 
disease.  It  is  not  known  to  occur  in  America,  but  it  reseml)les  certain 
maladie^s  which  do  occur  here  and  which  are  as  yet  imperfectly  under- 
stood. Varietal  resistance  to  blackleg  is  not  fully  established,  but 
apparently  Dabersche  and  certain  similar  thick-skinned,  starch-rich 
late  varieties  are  more  resistant  than  thin-skinned,  starch-poor  early 
varieties  o*f  the  Rose  t3^pe.  Factor  and  Up-to-Date  showed  a  consider- 
able degree  of  resistance  to  blackleg  in  England.  La  Czarine  and 
other  varieties  are  reported  to  show  resistance  to  a  bacterial  stem 
disease  in  France. 

The  late-blight  and  rot  due  to  the  fungus  Phytophthora  infestans 
occurs  more  commonly  in  Europe  than  in  America.  Attention  has  been 
given  for  many  years  to  relative  varietal  susceptibility  to  this  disease, 
especially  in  Great  Britain  and  in  Germany.  Varieties  of  superior 
disease  resistance  are  known  in  both  countries,  and  a  number  of  the 
most  promising  from  these  and  other  European  sources  have  been 
imported  for  trial. 

The  following  statements  are  tentatively  formulated  as  to  the  nature 
of  resistance  toward  blight  and  rot  and  the  character  of  the  varieties 
exhibiting  it: 

(1)  Disease  resistance  in  potatoes  is  relative,  not  absolute,  no  variety 
known  being  wholly  proof  against  late-blight  and  rot. 
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(2)  It  seems  related  to  general  vegetative  vigor,  and  is  therefore  in 
a  measure  dependent  upon  cultural  and  developmental  conditions  and 
tends  to  decrease  with  the  age  of  the  variety. 

(3)  It  can  be  restored  by  originating  new  varieties  from  seed, 
especially  of  hybrid  origin.  Not  all  seedlings  show  superior  disease 
resistance. 

(4)  The  use  of  other  species  of  tuber-bearing  Solanums  for  hybrid- 
izing offers  some  promise,  but  no  practical  results  have  yet  been 
secured. 

(6)  Possibly  the  disease  resistance  in  established  varieties  can  be 
improved  by  selection,  but  this  has  not  been  proved. 

(6)  Early  varieties  may  escape  the  disease  by  maturing  before  it 
becomes  epidemic,  but  when  similarly  exposed  they  are  as  a  class  less 
resistant  than  late  varieties. 

(7)  The  source  of  seed  tubers  is  a  matter  of  importance,  northern- 
grown  seed  giving  plants  of  superior  disease  resistance  in  Europe. 
Seed  from  a  crop  that  was  not  too  highly  fertilized  is  probably  prefer- 
able. Possibl}*^  tubers  are  better  for  seed  purposes  if  dug  before  they 
reach  full  maturity. 

(8)  High  fertilization,  especially  with  nitrogenous  manures,  lowers 
the  power  of  the  plant  to  resist  both  blight  and  rot. 

(9)  Varieties  relatively  rich  in  starch  are  more  resistant  to  rot;  those 
richer  in  protein  are  more  susceptible  to  it. 

(10)  So  far  as  skin  characters  are  an  index,  the  red  varieties  with 
thick  and  rough  skin  seem  more  resistant  as  a  class  than  the  thin- 
skinned  white  varieties. 

(11)  So  far  as  stem  and  foliage  characters  are  concerned,  the  evidence 
favors  the  stem  that  is  hard,  rough,  and  rather  woody  at  thQ  base,  and 
the  leaf  that  is  small,  somewhat  rough,  and  dark  colored. 

The  varieties  rated  highest  as  to  disease  resistance  in  England  are 
Evergood,  Discover}^  Royal  Kidney,  Northern  Star,  Sir  John  Lle- 
welyn, King  Edward  VII,  Eldorado,  and  Factor. 

In  Germany  and  Holland  the  following  represent  the  best  types: 
Mohort,  Irene,  Geheimrat  Thiel,  Professor  Wohltmann,  Boncza, 
Eigenheimer,  and  Paul  Kriiger. 

In  Belgium  and  France  no  improvement  as  to  disease  resistance  has 
been  made  over  the  best  English  and  German  types. 

In  America,  trials  as  to  disease  resistance  have  been  conducted  at 
some  of  the  experiment  stations,  notabh^  in  Vermont,  where  experi- 
ments in  breeding  and  selection  for  increased  resistance  are  under  way. 
These  results  have  been  correlated  with  information  recently  secured 
by  a  circular  of  inquiry  addressed  to  a  large  number  of  potato  special- 
ists in  the  Northeastern  States  and  in  Canada.  From  these  it  appears 
that  a  wide  variation  is  shown  in  disease  resistance  among  the  varieties 
now  in  cultivation  in  America,  but  that  no  one  variety  is  preeminent. 
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Among  those  which  have  been  widely  tested,  the  following  deserve 
mention  as  of  the  resistant  class:  Dakota  Red,  Rustproof,  Irish  Cob- 
bler, Sir  Walter  Raleigh,  Doe's  Pride,  and  White  Beauty.  Certain 
European  varieties  of  the  disease-resistant  type  seem  to  retain  that 
character  when  grown  in  this  country,  e.  g..  Professor  Maercker  and 
Sutton's  Discovery.  There  is  much  of  promise  in  certain  new  varie- 
ties under  trial  at  the  Vermont  station.  Seveml  new  sorts  of  reputed 
disease  resistance  have  recently  been  placed  on  the  market  by  American 
seedsmen,  e.  g.,  Harris's  Snowball,  Dibble's  Ionia  Seedling,  Burpee's 
Vermont  Gold  Coin,  and  Johnson's  Norcross,Star  of  the  East,  and  Bab- 
bitt. Those  having  opportunity  should  carefully  observe  the  relative 
disease  resistance  of  these  and  also  of  other  new  varieties. 

The  evidence  at  hand  seems  to  justify  the  hope  that  the  coordinated 
efforts  of  potato  specialists  working  from  both  the  practical  and  the 
scientific  standpoints  may  soon  result  in  the  development  of  varieties 
of  potatoes  combining  general  excellence  with  a  high  degree  of  disease 
resistance.  All  who  can  do  so  are  urged  to  aid  toward  the  accomplish- 
ment of  this  end. 
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U.  S.  Department  of  Agriculture, 

Bi:reau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C.^  September  26, 1905. 

Sir:  I  have  the  honor  to  transmit  herewith  a  report  on  **  Weevil- 
Resisting  Adaptations  of  the  Cotton  Plant,"  and  to  recommend  it 
for  publication  as  Bulletin  No.  88  of  this  Bureau.  This  report  has 
been  prepared  by  Mr.  O.  F.  Cook,  bionomist  in  charge  of  investiga- 
tions in  the  agricultural  economy  of  tropical  and  subtropical  plants. 
It  contains  an  account  of  his  observations  and  experiments  which 
i^how  that  some  of  the  varieties  of  the  cotton  plant  have  definite 
weevil-resisting  characters.  The  establishment  of  these  facts  opens 
new  and  unexpected  lines  of  approach  to  cultural  solutions  of  the 
weevil  problem. 

The  investigation  of  cotton  referred  to  in  this  report  was  begun 
in  March,  1904,  through  the  LalK)ratory  of  Plant  Breeding,  there 
having  been  set  aside  for  it  from  the  emergency  cotton  boll  weevil 
appropriation  a  part  of  the  funds  which  had  been  devoted  to  the 
breeding  of  weevil-resistant  cotton.  The  existence  of  a  field  culture 
of  cotton  in  the  presence  of  the  boll  weevil  had  been  ascertained  by 
ilr.  Cook  during  a  visit  to  (luatemala  in  190!^,  and  it  was  hoped  that 
the  immunity  of  the  cotton  might  prove  to  be  due  to  some  weevil- 
resistant  quality. 

The  first  result  of  detailed  observations  was  the  discoverv  of  the 
weevil-eating  kelep  or  so-called  Guatemalan  ant,  which  has  been 
made  the  subject  of  previous  reports  through  the  Bureau  of  Ento- 
mology. It  now  appears  that  the  usefulness  of  this  insect  is  not 
limited  to  the  boll  weevils  which  it  catches  and  kills.  By  making  a 
regular  field  culture  of  cotton  possible  in  the  presence  of  the  boll 
weevil  it  has  contributed  in  an  important  manner  to  the  development 
of  the  weevil-resisting  characters  here  described.  The  cotton  plant, 
it  seems,  has  been  greatly  modified  in  protecting  it.self  against  the 
ravages  of  its  insect  enemy.  Not  only  has  it  attracted  the  kelep  to 
its  service  and  developed  other  means  of  defense  which  are  more 

3 


4  LETTER   OF   TRANSMITTAL. 

direct,  but  even  the  lint,  on  the  oeculiar  character  of  which  the  com- 
mercial value  of  the  crop  depends,  appears  to  find  its  chief  use  to  the 
plant  in  excluding  the  weevil  larvae  from  the  seed.  Our  Sea  Island 
and  Upland  varieties  have  been  raised  for  long  periods  in  regions 
where  the  boll  weevil  did  not  exist  and,  as  was  to  have  been  expected, 
are  largely  lacking  in  protective  features.  The  Kekchi  cotton,  on  the 
other  hand,  which  has  continued  its  development  in  a  weevil-infested 
region  under  the  protection  of  the  keleps,  has  by  far  the  largest 
number  of  weevil-resisting  characters. 

The  fact  that  weevil -resisting  adaptations  really  exist,  as  shown  in 
numerous  instances  in  the  present  report,  emphasizes  the  necessity  of 
a  thorough  study  of  our  cultivated  cottons  for  the  purpose  of  taking 
advantage  of  any  and  all  protective  characters. 

It  is  possible,  as  Mr.  Cook  suggests,  that  the  Guatemalan  variety 
of  cotton  which  he  has  discovered,  and  which  has  such  a  surprising 
number  of  weevil-resisting  adaptations,  may  not  prove  suited  to  culti- 
vation in  the  United  States,  but  even  in  that  case  the  value  of  the 
present  paper  on  weevil-resisting  characters  would  not  be  diminished, 
for  it  will  serve  as  a  help  to  all  who  may  engage  in  seeking  and 
developing  such  characters  in  the  types  of  cotton  now  cultivated  in 
our  country. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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WEEVIL-RESISTIXG  ADAPTATIONS  OF  THE 

COnON  PLANT. 


INTBODXrcnON. 

The  fact  that  Central  American  varieties  of  cotton  have  developed 
weevil-resisting  adaptations  has  already  received  preliminary  notice." 
A  third  visit  to  Guatemala,  in  the  spring  of  1905,  has  given  opportu- 
nity for  further  studies  of  the  protective  characters  of  the  native 
varieties  and  for  comparing  them  with  the  types  of  cotton  now  cul- 
tivated in  the  United  States.  For  this  purpose  plantings  of  Upland 
and  Sea  Island  varieties  have  l)een  made  in  Guatemala,  and  as  the 
season  advanced  other  tests  of  the  Guatemalan  and  United  States 
varieties  were  arranged  under  very  different  climatic  conditions  in 
Texas  and  at  Washington. 

These  opportunities  of  comparative  observation  have  revealed  a 
series  of  protective  adaptations  of  such  number  and  nicety  as  to  fur- 
nish a  unique  and  well-nigh  incredible  instance  of  selective  develop- 
Dient.  The  statement  of  the  former  paper  may  be  rej^eated  with 
emphasis,  that  the  presence  of  the  weevil-eating  kelep  has  enabled 
the  Indians  of  eastern  Guatemala  to  maintain  since  verv  ancient 
times  field  culture  of  cotton  in  the  presence  of  the  weevils,  with  the 
result  that  there  has  been  developed  a  dwarf,  annual,  short-season 
varietv  with  numerous  features  which,  in  the  absence  of  sufficient 
numbers  of  keleps,  afford  material  assistance  in  protecting  the  crop 
against  the  ravages  of  the  weevil. 

^Vhether  this  Guatemalan  cotton  can  Ije  made  of  direct  use  in  the 
United  States  or  not,  it  demonstrates  the  existence  in  the  cotton 
plant  of  weevil-resisting  characters.  The  new  variety  has  lint  of 
good  length  and  quality,  so  that  its  utilization  in  the  United  States 
depends  upon  its  adaptability  to  our  climate  and  methods  of  culture. 

As  already  explained  in  publications  devoted  to  the  kelep,  the 
weevil-eating  propensities  of  that  insect  were  discovered  in  1004 
during  a  visit  to  Guatemala  which  had  been  undertaken  in  the  hope 
of  finding  a  weevil-resisting  variety  of  cotton.     It  had  been  observed 

«  Cotton  Culture  in  Guatemnlti.  Yearbook  of  the  T'nitCHl  States  Department  of 
Agriculture  for  1904,  475-488 :  Science,  N.  S.,  20 :  GGG-G70,  November  18,  1904. 
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two  years  before  that  a  field  of  dwarf  cotton  cultivated  by  the  Indians 
did  not  suffer  from  the  boll  weevils,  though  these  pests  were  abundant 
on  a  "  tree  cotton  "  a  short  distance  away. 

The  kelep  afforded  an  entirely  unexpected  and  yet  very  striking 
explanation  of  the  fact  that  cotton  was  being  grown  as  a  regular 
field  crop  in  a  region  which  had  probably  been  infested  with  weevils 
for  many  centuries,  if  it  were  not,  indeed,  the  original  home  of  the 
species.  That  there  was  an  insect  in  existence  specially  qualified 
by  structure  and  habits  to  attack,  disable,  and  devour  the  boll  weevil, 
was  welcome  news  in  the  United  States,  and  in  accordance  with  cabled 
instructions  from  the  Secretary  of  Agriculture  numerous  colonies 
of  the  keleps  were  brought  home  and  colonized  in  the  cotton  fields 
of  Texas. 

The  finding  of  the  kelep  explained  the  failure  of  the  weevils  to 
prevent  cotton  cultivations  in  eastern  Guatemala,  and  seemed  at  first 
to  diminish  the  prospects  of  weevil  resistance  in  the  cotton  itself. 
Nevertheless,  the  intention  of  studying  (xuatemalan  varieties  of  cot- 
ton and  the  cultural  methods  in  use  in  that  countrv  was  not  aban- 
doned,  and  the  results  are  not  without  bearing  on  the  original  ques- 
tion of  the  causes  of  the  apparent  immunity  of  the  Guatemalan 
cottons,  and  also  upon  the  more  practical  question  of  securing  cotton 
varieties  and  cultural  methods  by  which  the  injuries  of  the  lx)ll 
weevil  in  the  ITnited  States  mav  be  reduced  to  a  minimum. 

The  Guatemalan  cotton  protected  by  the  keleps  is  a  genuine  Up- 
land variety,  very  early  and  productive,  with  a  fiber  of  good  length 
and  texture,  as  alreadv  stated.  In  addition  to  features  which  di- 
rectly  favor  the  keleps,  it  has  many .  other  qualities  which  may 
render  it  useful,  even  without  its  insect  guardians.  In  former  reports 
it  has  been  compared  with  the  very  early  Upland  varieties,  such  as 
King  and  Parker;  but  comparative  tests  made  in  eastern  Guatemala 
show  that  the  native  variety,  which  it  is  proposed  to  call  Kehchi^ 
represents  a  very  distinct  type  of  this  important  cultivated  plant. 
It  belongs  to  Gossyinum  himdum^  the  Upland  species  or  series  of 
varieties,  in  the  sense  that  it  is  not  a  Sea  Island,  Egyptian,  or  Kidney 
cotton,"  but  it  is  distinctly  more  different  from  any  of  the  Upland 
varieties  now  cultivated  in  the  United  States  than  these  are  from  eiicli 
other.     It  has  not  been  ascertained  that  the  Kekclii  cotton  in  its 


a  The  Sea  Island  cotton  is  so  caUed  because  cotton  of  this  tyi)e  is  cultivated 
on  the  Sea  Islands  of  South  Carolina,  lon;j  famous  for  the  excellence  of  their 
product.  The  Sea  Island  cotton  came  originally  from  Barbados,  whence  also 
its  botanical  name,  Gossypium  barhadcthw. 

Upland  cotton  gained  Its  name  as  a  means  of  distinguishing  it  from  the  Sea 
Island,  being  cultivated  in  the  interior,  or  "  ui)land,"  districts  of  the  Southern 
States.  The  Upland  type  of  cotton  was  recognized  as  a  distinct  sr)ecies  by 
Linnaeus  under  the  name  Oossypium  hirsutum,  but  many  subsequent  writers 
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present  fonn  is  Miited  to  cultivation  in  the  United  States,  but  it  has, 
without  any  doubt,  new  and  signifii^nt  charactei's  which  nui^-t  Ik* 
n»inir<le<l  as  factors  in  cultural  solutions  of  the  weevil  pit>bleni.  {VL 
ILtig.  1.) 

Although  cotton  was  not  found  to  be  planted  as  a  regular  field  cul- 
turo  in  any  localities  in  (iuateniala  whei-e  the  keleps  do  not  exi>t, 
small  quantities  are  pnxluced  in  the  interior  plateau  region  about 
Kabinal  bv  what  niav  l)e  called  d(K)rvard  cultivation,  and  these,  too, 
have  suggested  cultural  factors  and  exi)edients  which  may  not  l)e 
without  ]>ractical  bearing. 

The  present  pai>er  can  claim  to  make  only  a  l)eginning  in  the 
bionomic  >tudy  of  the  question,  but  it  shows  at  least  that  the  weevil 
problem  has  many  avenues  of  a[)proach  on  the  botanical  siile. 

The  cotton  of  (ruatemala  and  neighlx)ring  countries  has  maintained 
an  existence,  at  least,  in  the  presi»nce  of  the  weevils,  and  has  suffeivd 
an  acute  natural  selection  with  reference  to  its  ability  to  protect  itself 
against  the  weevil  or  to  secure  the  assistance  of  allies,  such  as  the 
keleps.  That  no  conunercial  cotton  crop  is  raised  or  exported  from 
such  districts  does  not  prove  that  they  are  unworthy  of  scientific 
investigation,  or  that  they  are  not  likely  to  yield  materials  and  sug- 
gestions of  practical  value  in  meeting  the  invasitm  of  weevils  which 
is  now  so  serious  a  menace  to  the  cotton  indiistrv  of  the  United  States. 

Some  of  these  weevil-resisting  adaptations  have  been  of  use  in 
securing  for  the  cotton  the  as>istance  of  the  keleps.  There  are  others 
which,  if  proi)erly  utilized,  might  render  these  interesting  insects 
unnecessary.  Tropical  America  has  been  serving  for  thousands  of 
years,  evidently,  as  a  laboratory  for  this  class  of  experiments.  Texas 
was  invaded  onfv  vesterdav — a  decade  a«ro.  Now  that  we  are  forced 
to  engage  in  the  strife,  the  first  preliminary  should  be,  it  would  seem, 
to  take  stock  of  the  weapons  which  nature  has  forged. 

The  present  report  was  planned  and  partly  written  before  the  dis- 
covery of  the  true  nature  of  the  bi'st  of  the  weevil-resisting  adiipta- 
tions — the  proliferation  of  the  tissues  of  the  buds  and  bolls.  Some 
hf  the  characters  here  described  may  have  no  value  except  as  sug- 
gestions, but  taken  together  they  may  be  of  interest  as  an  outline  of 
the  results  of  the  very  long  [)eri()(l  of  selection  to  which  the  presence 
of  the  boll  weevil  has  subjected  the  Central  American  varieties  of 
the  cotton  plant. 


liiive  erroneously  ('onfuse<l  it  with  the  Old  World  sj)o<'ies  (Uttssi/phtm  hrrhacfum, 
vrhU-h  is  not  cultivated  in  the  United  States,  though  otivu  so  reported. 

The  Egyptian  and  Kidnoy  cottons  i)oionff  to  the  Sea  Island  series,  and  are  of 
American  origin.  The  Kidney  cottons  stHMu  not  to  have  heen  cultivated  on  a 
commercial  scale,  but  they  are  very  widely  distril)uted  in  troi)ical  .Vnierlca.  'I^he 
name  refers  to  the  fact  that  the  seeds  (  f  each  compartment  of  the  lioll  are 
grown  together  into  a  small  comi)act  mass,  in  sliai)e  suggesting  a  kidney. 
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SELECTIVE  INFLXTENCE  OF  THE  BOLL  WEEVIL. 

The  boll  weevil  exerts  a  most  prejudicial  effect  upon  the  cotton 
crop,  but,  unlike  most  parasites,  it  does  not  cause  disease  or  debility 
in  its  host  plant.  The  young  buds  and  bolls  are  merely  pruned  away, 
as  it  were,  the  purposes  of  the  weevil  being  the  better  served  when  the 
plants  remain  vigorous  and  continue  to  produce  more  buds  and  bolls, 
in  which  more  eggs  can  be  laid  and  more  larva?  brought  to  maturity. 
Nevertheless,  if  no  bolls  are  allowed  to  develop  no  seed  can  be  set. 
The  fate  of  the  cotton  crop  in  wet  seasons  in  Texas  shows  that  with- 
out some  form  of  protection  the  plant  would  have  been  extinct  long 
since  in  all  localities  reached  bv  the  boll  weevil. 

The  long  contact  between  the  boll  weevil  and  the  cotton  plant  in 
Central  America  has  given  ample  opportunity  for  the  latter  to  profit 
by  the  selection  which  the  insect  itself  has  provided.  Every  differ- 
ence by  which  a  cotton  plant  was  able  to  resist  or  to  avoid  the  weevil 
and  thus  ripen  more  seeds  than  its  fellows  would  give  it  a  distinct 
advantage,  quite  as  if  the  selection  were  consciously  carried  on  by  the 
planter  or  the  plant  breeder.  The  case  is  different  from  that  of  the 
recent  improvements  of  many  of  our  cultivated  plants  by  selection 
for  the  increase  of  some  particular  quality  already  existing.  Such 
improvements  can  often  be  made  appreciable,  or  even  highly  valu- 
able, in  comparatively  few  years,  but  under  the  desultory  Indian 
methods  of  cultivation  long  periods  of  time  would  be  required  for 
the  origination  and  accumulation  of  such  characters  as  these  pro- 
tective adaptations. 

Clinuite  and  other  local  conditions  must  also  be  taken-  into  consid- 
eration. An  adaptation  which  would  l)e  effective  ip  one  set  of  cli- 
matic conditions  may  l)e  of  little  use,  or  even  a  positive  disadvantage, 
in  others,  as,  for  example,  the  prompt  shedding  of  the  parasitized 
buds.  In  a  dry  regicm  the  falling  of  a  bud  to  the  superheated 
sun-baked  earth  insures  the  death  of  the  weevil  larva,  either  bv  the 
heat  directly  or  by  the  complete  drying  out  of  the  tissues  in  which 
the  larva  is  embedded.  In  the  moist  districts  of  eastern  Texas,  how- 
ever, this  expedient  is  quite  ineffective,  the  larvte  often  developing 
even  better  when  the  buds  fall  off  and  lie  on  moist  soil  than  when  the> 
remain  attached  to  the  plant. 

It  need  not  surprise  us  to  learn  also  that  the  weevil-resisting  adap- 
tations shown  bv  the  Kekchi  and  other  cotton  varieties  of  Central 
America  are  shared,  to  some  extent,  by  those  already  known  in  tin 
United  States,  since  the  whole  Upland  type  of  cotton  appears  to  have 
been,  originally,  a  native  of  the  Central  American  region.  Varieties 
which  reached  the  United  States  from  Mexico  and  the  West  Indies 
may,  however,  have  had  little  or  no  contact  with  the  weevil  for  man} 
centuries,  while  in  Central  America  the  struggle  for  existence  has 
remained  severe  and  continuous  down  to  the  present  day. 
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It  is  now  known  that  in  the  plateau  region  of  Mexicx)  the  long  dry 
season  effectually  excludes  the  weevil,  so  that  varieties  of  cotton  from 
the  Mexican  highlands,  instead  of  being  weevil-proof,  as  sometimes 
represented,  may  have  no  immunity  whatever  when  brought  into 
the  much  more  moist  climate  of  the  cotton  belt  of  the  United  States. 

The  Kekchi  cotton  of  Guatemala,  on  the  other  hand,  has  to  a  much 
gi-eater  degree  than  any  of  the  varieties  now  grown  in  the  United 
States  the  very  qualities  which  experiment  has  shown  to  be  effective 
for  the  mitigation  by  cultural  means  of  the  injuries  inflicted  by  the 
boll  weevil.  That  it  has,  in  addition,  other  features  not  possessed 
by  our  United  States  varieties,  or  not  hitherto  interpreted  as  weevil- 
resisting  adaptations,  need  not  be  looked  upon  as  anything  outside 
the  normal  order  of  nature,  but  is  entirely  in  accord  with  what 
appears  to  be  the  biological  and  agricultural  history  of  the  cotton 
plant  in  Central  America. 

GENERAL  PROTECTIVE  CHARACTERS. 

DWARF    HABIT   AND   DETERMINATE    GROWTH    OF    KEKCHI    COTTON. 

Although  Guatemala  is  a  tropical  country  and  the  climatic  condi- 
tions are  suitable  for  the  growth  of  cotton  throughout  the  year,  the 
Kekchi  cotton  is  cultivated  onlv  as  an  annual,  and  is  smaller  and 
more  determinate  in  its  habits  of  growth  than  the  Upland  varieties 
now  known  in  the  United  States.  It  soon  attains  its  full  height, 
and  after  a  crop  of  bolls  has  set  on  the  lower  branches  there  is  a 
definite  tendency  to  cease  growing  or  producing  new  buds.  The 
later  upward  growth  of  the  plants  seems  to  be  supplementary,  as  it 
were,  to  the  formation  of  the  bolls;  often  there  appear  to  be  no 
more  flowers  formed,  and  manv  of  those  which  come  seem  to  be 
undersized,  as  though  the  plant  were  really  mature  and  were 
fepproaching  the  natural  termination  of  its  existence.  Our  Upland 
varieties,  on  the  contrary,  continue  to  produce  throughout  the  season 
hundreds  of  small  squares  on  each  plant  which  serve  only  as  breed- 
ing places  for  the  weevils. 

The  explanation  of  the  high  development  of  these  short-season 
qualities  of  the  Kekchi  cotton  is  doubtless  to  be  found  in  the  custom 
of  the  Indians,  who  pull  up  the  cotton  as  soon  as  the  bulk  of  the  crop 
has  rif)ened  to  make  room  for  the  peppers,  which  are  always  planted 
with  the  cotton.  For  the  Indians  the  peppers  are  an  even  more 
important  crop  than  the  cotton,  so  that  when  the  time  comes  for 
clearing  away  the  cotton  they  do  not  wait  for  the  plants  which  may 
have  delaved  maturitv.  Late  bolls,  even,  would  never  come  to 
maturity  or  furnish  seed  for  planting.  The  result  has  been  a  very 
long-sustained  selection  for  early  l)earing  and  uniform  ripening  of 
the  crop.     Some  of  our  earliest  Upland  sorts  may  begin  blossoming 
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as  soon  as  the  Kekchi,  but  they  show  far  less  tendency  to  detenninate 
growth. 

The  development  of  earliness  has  been  assisted,  no  doubt,  by  the 
climatic  conditions  which  prevail  in  eastern  (Juatemala.  The  rainy 
season  oftens  begins  before  the  cotton  harvest  is  completed,  so  that 
the  later  bolls  are  very  likely  to  become  diseased,  or,  if  they  reach 
maturity  and  open,  the  lint  is  often  beaten  to  the  ground  and  made  too 
dirty  for  use  in  spinning  and  weaving.  In  either  case  the  seed  is  not 
harvested. 

The  Indians  believe  that  even  if  they  did  not  pull  the  cotton  up  it 
would  not  become  a  perennial,  but  would  die  out  completely,  even  to 
ihe  roots,  during  the  rainy  season.  Seeds  scattered  accidentally  in 
the  plantation  at  harvest  time  are  rotted  by  the  rain  and  do  not  germi- 
nate, so  that  little  or  no  volunteer  cotton  is  carried  over  from  one 
season  to  another. 

If  the  Kekchi  cotton  were  the  only  variety  planted  in  Guatemala 
'\nd  the  weevil  had  there,  as  in  the  United  States,  no  other  food  plant 
than  the  cotton,  the  insects  might  all  die  off  between  April  or  May, 
when  the  cotton  is  pulled  up,  and  October,  when  the  next  crop  is 
planted.  There  is,  however,  enough  perennial  "  tree ''  cotton  in  the 
country  to  keep  the  pest  from  becoming  exterminated.  Moreover, 
the  question  of  additional  food  plants  in  Guatemala  is  still  open. 

The  importance  of  securing  short-season  varieties  of  cotton  for  the 
United  States  can  hardly  be  overestimated,  since,  as  already  intimated 
elsewhere,**  there  is  no  longer  any  reason  to  hope  that  the  more  severe 
winters  of  the  northern  districts  of  the  cotton  belt  will  give  any  pro- 
tection against  the  weevils. 

As  long  as  the  weev^il  was  confined  to  the  southern  part  of  Texas, 
where  the  cotton  could  survive  the  winter,  the  destruction  of  the 
plants  as  soon  as  possible  after  the  maturing  of  the  crop  was  the  only 
measure  calculated  to  seriously  reduce  the  number  of  weevils.  It 
was  also  essential  to  plant  cotton  :is  early  as  possible  in  the  spring  to 
avoid  the  weevils  bred  on  the  volunteer,  or  hold-over,  cotton  which 
negligent  planters  had  left  in  the  ground.  The  extension  of  the  pest 
farther  north  and  the  possibility  of  securing  cotton  varieties  with 
detenniuiite  habits  of  growth  introduce  several  new  considerations. 
The  hold-over  cotton  is  eliminated  from  the  problem,  but  in  the  more 
northern  latitudes,  where  the  cold  comes  earlier  and  the  temperature 
remains  lower  throughout  the  winter,  it  may  often  happen  that  there 
will  be  no  period  in  which  the  weevils  can  be  reduced  by  starvation, 
unless  time  can  be  secured  for  this  purpose  in  the  spring  by  the  plant- 
ing of  short-season  varieties  of  cotton. 


a  Cook,  O.  F.,  1905.     Progress  iu  tlie  Stuuy  of  tlie  Kelep,  Science,  X.  S.,  21: 
552. 
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Instead  of  colder  winters  being  unfavorable  to  the  weevils,  there  is 
every  probability  that  cold  sufficient  to  keep  them  in  a  torpid,  inactive 
condition  will  preserve  their  noxious  lives  much  better  than  warm  and 
pleasant  weather,  which  enables  them  to  continue  active  and  thus 
deplete  their  vital  energies.  The  winter  of  1904-5  was  one  of  un- 
precedented severity  in  Texas,  both  in  absolute  temperature  and  in 
continued  cold  and  wet,  and  vet  the  weevils  were  able,  in  manv  locali- 
ties,  to  infest  heavily  the  early  plantings  of  cotton  to  a  far  gi'eater 
extent  than  in  previous  years. 

The  farther  north  the  localitv  the  more  will  the  efficiencv  of  cul- 
tural  methods  of  avoiding  the  boll  weevil  dei)end  upon  the  plant- 
ing of  quick-maturing  varieties  of  cotton.  It  is  true  that  in  a 
favorable  season  the  cotton  planted  first  would  set  its  crop  soonest, 
and  thus  escape  a  part  of  the  damage  sutfered  by  adjoining  fields 
of  later  gi'owth,  the  earlier  fields  breeding  weevils  to  attack  in 
larger  force  the  later  plantings.  But  instead  of  insuring  a  decrease 
of  the  number  of  weevils  in  a  given  locality  and  checking  the 
propagation  of  the  pest,  very  early  planting  by  a  part  of  the  farmers 
of  a  community  might  tend,  after  an  early  fall  and  a  cold  winter, 
to  the  opposite  result,  since  it  would  save  the  lives  of  large  numbei's 
of  weevils  which  would  otherwise  i^erish  before  the  cotton,  if  sown 
a  few  weeks  later,  would  be  large  enough  to  furnish  the  weevils 
with  food..  Dr.  Herbert  J.  Webber  states  that  planting  could 
probabl}^  be  deferred  even  to  the  middle  of  June  without  impair- 
ing the  chances  of  a  crop  as  large  as  that  which  can  Ik»  obtained 
in  the  presence  of  the  weevil. 

There  would  seem  to  be  little  object  in  planting  cotton  where 
the  weevils  are  as  abundant  as  in  some  places  in  southern  Texas  in 
the  spring  of  the  present  year,  1005.  Nevertheless,  the  opportune 
occurrence  of  a  few  weeks  of  drv  weather  was  able,  even  then,  to 
greath'  improve  the  prospects  of  a  crop.  Xo  matter  how  bad  the 
weevils, the  planter  still  has  hope  that  dry  weather  may  come  and  save 
his  crop  from  being  a  total  loss.  As  long  as  indeterminate  varie- 
ties are  planted  this  possibility  will  always  make  it  difficult  to  carry 
out  a  general  policy  of  early  destruction  of  the  plants. 

Some  of  our  Upland  varieties  of  cotton  are  early  enough  in  the 
sense  that  they  l)egin  flowering  and  fruiting  very  promptly,  but 
unless  the  season  is  verv  drv  thev  will  produce  a  continuous  succession 
of  buds  until  they  are  pulled  up  or  frost  cuts  them  off.  The  earli- 
ness  of  practical  value  is  not  to  be  shown  merely  by  the  date  of 
flowering,  but  by  the  date  of  ripening  the  crop  of  bolls  and  of 
ceasing  to  form  new  buds  in  which  weevils  can  breed.  If  the  im- 
provements noted  in  other  parts  of  this  report  can  be  realized  in 
practice,  it  would  no  longer  be  necessary  to  destroy  the  cotton  plants 
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in  order  to  put  an  end  to  the  breeding  of  the  weevils.  It  would 
then  become  practicable  and  desirable  to  regulate  planting  so  as  to 
bring  the  growing  period  of  the  cotton  at  the  most  favorable  season 
for  a  rapid  development  of  the  crop,  and  thus  to  give  the  weevils 
the  shortest  possible  opportunities  for  breeding.®  If  the  fall  and 
winter  had  favored  the  survival  of  many  weevils,  planting  could  well 
be  deferred  until  the  weevils  had  disappeared,  a  fact  which  could  be 
ascertained  by  starting  early  a  few  observation  plants  from  which 
the  weevils  could  be  carefully  picked  by  hand  as  long  as  they  con- 
tinued to  appear. 

The  extent  of  the  mortality  of  the  boll  weevil  in  the  spring  has  been 
well  shown  in  the  investigations  reported  by  Mr.  W.  D.  Hunter  on 
the  effects  of  applying  Paris  green  to  the  very  young  cotton  as  a 
means  of  destroying  the  weevils  which  had  lived  through  the  winter. 
Numerous  dead  weevils  were  found  in  the  poisoned  fields,  but  equal 
or  even  greater  numbers  were  found  in  those  to  which  no  Paris  green 
had  been  applied,  and  the  conclusion  was  drawn  that  a  large  propor- 
tion of  the  weevils,  which  pass  the  winter  in  a  state  of  hibernation 
or  torpidity  induced  by  the  cold,  perish  through  starvation  or  other 
causes  in  the  spring,  after  the  weather  has  become  warm  enough  to 
render  them  active  again  and  permit  them  to  renew  their  search  for 
cotton  plants  on  which  to  feed  and  lay  their  eggs.^ 

It  is  easy  to  understand,  too,  that  after  the  weevils  have  l>een  re- 
duced by  the  cold  to  a  condition  of  inactivity  involving  an  almost  com- 
plete suspension  of  the  vital  functions,  the  lack  of  food  and  the  lapse 
of  time  can  make  verv  little  difference  with  them.  Starvation  conies 
much  quicker  during  warm  weather  while  they  are  going  actively 
about,  so  that  it  is  the  autumn  and  spring  which  must  be  relied  upon 
to  reduce  the  numbers  of  the  weevils  rather  than  the  cold  periods  of 
I  he  winter  months.  Messrs.  Hunter  and  Hinds  have  also  noted  as 
significant  the  fact  that  of  weevils  captured  at  the  middle  of  Decem- 
ber, 15.8  per  cent  passed  the  winter  successfully,  while  of  another  lot 
captured  a  month  earlier,  only  1  per  cent  survived.  Their  conclu- 
sions were  as  follows: 

It  l8  evident  that  the  weevUs  which  puss  the  winter  and  attack  the  crop  of 
the  following  Reason  are  among  those  developed  latest  in  the  fall  and  which,  in 
t»onsequence  of  that  fact,  have  not  exhausted  their  vitality  by  ovli>osition  or  any 
considerable  length  of  active  life. 

With  these  facts  in  mind  it  becomes  plain  that  no  objections  need 
be  raised  on  general  biological  princij^les  to  the  introduction  of  new 

«A  determinate  variety  of  cotton  would  also  avoid  the  cultural  disadvan- 
tages incidental  to  very  early  planting,  for  if  the  weather  hapi^ens  to  turn 
cold  and  wet  the  cotton  is  often  either  killed  outright  and  has  to  be  replanted 
or,  what  is  still  worse,  it  becomes  permanently  stunted  and  unproductive. 

6  Hunter,  W.  D.,  1904.  The  Use  of  Paris  Green  in  Controlling  the  Cotton  Boll 
Weevil,  Farmers'  Bulletin  No.  211,  U.  S.  Department  of  Agriculture. 
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quick-maturing  varieties  of  cotton  from  tropical  countries  on  tlie 
ground  that  cold  weather  will  exclude  them  from  the  United  States. 
The  early  spring  is  the  only  time  in  which  they  will  be  likely  to 
encounter  adverse  conditions  in  this  respect,  and  if  varieties  can  be 
secured  which  are  able  to  mature  a  satisfactory  crop  in  a  short  season, 
these  quick-maturing  qualities  will  far  more  than  compensate  for  any 
lack  of  ability  to  withstand  cold  weather  in  the  early  spring. 

The  Kekchi  cotton  may  prove,  however,  to  l)e  quite  as  tolerant  of 
cold  as  the  other  Upland  varieties  now  cultivated  in  the  United 
States."  In  its  native  country  it  is  planted  in  October  and  grows 
throughout  the  winter  months  in  mountain  valleys  where  tempera- 
tures of  between  40°  and  60°  F.  are  not  infrequent.     (PI.  I.) 

VABIATIONS    IN    THE    KEKCHI   COTTON. 

Very  great  diversity  of  size,  habit  of  growth,  and  other  features 
exists  in  the  Indian  cotton  of  the  vicinity  of  Secanquim  and  Cajabon. 
The  plants  cultivated  by  Mr.  John  H.  Kinsler  on  the  United  States 
system  were  also  very  different  from  any  grown  by  the  Indians, 
being  much  more  robust  and  compact  than  in  the  more  crowded 
native  fields.  The  spreading  lateral  branches  and  low,  compact 
growth  of  the  Kekchi  cotton,  as  shown  in  Plate  II,  figure  1,  might  have 
cultural  disadvantages  if  these  tendencies  were  to  be  maintained  in 
regular  field  cultures.  Such,  however,  is  not  likely  to  be  the  case. 
^\Tien  growing  closer  together  the  plants  are  more  upright  and  less 
leafy  below. 

To  what  extent  the  differences  observed  thus  far  represent  varietal 
characters  can  scarcelv  be  determined  without  a  field  test  of  the 
apparently  different  strains,  side  by  side.  The  broken,  precipitous 
nature  of  the  country  renders  it  impossible  to  rely  upon  comparisons 
of  the  conditions  of  the  different  fields. 

The  conservative  agricultural  habits  of  the  Indians  would  tend  to 
the  continued  planting  by  one  man  or  family  of  the  same  seed  for 
long  periods  of  years,  which  might  well  conduce  to  the  formation  of 
separate  strains.  The  low  germinating  power  of  the  seed  may  pos- 
Nibly  be  due  to  such  inbreeding,  though  it  is  more  likely  that  it  deteri- 
orates because  of  the  humiditv  of  the  climate.^  Nevertheless,  our 
experiments  were  sufficient  to  prove  that  even  among  plants  grown 
from  seed  raised  by  the  same  Indian  there  were  very  appreciable 

«  This  was  shown  to  be  a  fact  before  the  reiwrt  was  printed.     See  p.  18. 

*The  Indians  appreciate  the  fact  that  the  cotton  seed  does  not  germinate  well. 
They  are  accustomed  to  plant  six  seeds  together,  from  which  two  or  three  plants 
usually  reach  maturity,  often  with  one  or  two  Insignificant  dvtarfs  underneath. 
The  yield  per  plant  in  these  crowded  fields  is  naturally  very  small,  but  the  larger 
individuals  often  bear  from  20  to  30  bolls.  At  Rabinal  from  6  to  10  plants  in  a 
cluster  is  tbe  rule,  the  product  of  the  individual  l)eing  still  further  reduced. 
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differences,  sufficient  to  have  a  very  practical  bearing  upon  the  ques- 
tion of  securing  strains  having  the  special  characters  required  in  the 
United  States.  Indeed,  there  was  nearlv  as  much  diversitv  anions: 
the  Guatemalan  plants  as  among  all  the  Upland  varieties,  though 
these  were  in  some  cases  unusually  variable,  as  a  result  apparently 
of  the  transfer  to  new  and  unwonted  conditions  of  climate  and  soil. 

The  usual  number  of  locks  or  cells  in  a  boll  of  the  Kekchi  cotton  is 
four,  but  bolls  containing  three  or  five  are  not  uncommon ;  often  they 
are  on  plants  which  have  otherwise  the  usual  number. 

There  is  also  considerable  diversity  on  the  same  plant  in  the  shape 
of  tlie  bolls,  some,  for  example,  remnining  quite  conical  and  pointed, 
while  others  round  out  to  near  the  apex.  One  plant  was  observed 
in  which  the  bolls  were  very  nearly  spherical.  The  involucre  was 
also  unusually  large.  The  plant  had  an  unusually  deep  red  or  black- 
ish color,  and  was  distinctly  more  vigorous  than  its  neighbors,  as 
often  happens  with  mutations. 

It  is  not  at  all  probable  that  a  close  selection  has  ever  been  prac- 
ticed bv  the  Indians,  so  that  a  wide  div^ersitv  of  mutational  charac- 
ters  may  be  expected  when  once  the  variety  has  been  brought  under 
careful  observation. 

The  stems  and  petioles  of  the  Kekchi  cotton  plant  are  dark  red, 
or  at  least  spotted  with  red,  and  the  leaves  turn  dull  red  with  matu- 
rity. The  bracts  and  bolls  are  gi'een  when  young,  but  with  age  and 
exposure  to  the  sun  become  more  or  less  tinged  or  spotted  with  red.** 
The  outer  involucral  nectaries  also  turn  deep  red,  especially  the  two 
uj)per  ones,  even  while  the  buds  are  still  very  young.  The  great 
majority  of  the  leaves  are  simply  three-pointed,  but  many  of  them 
have  an  additional  smaller  lateral  point  on  each  side  near  the  base. 

a  One  plant  at  Seeanquim  slioweti  a  very  deoided  Instance  of  variegation 
with  white  and  red.  though  the  latter  color  might  have  been  due  to  an  increase*! 
tendency  of  the  white  portions  to  take  the  red  discoloration  common  on  normal 
leav(»s.  The  lower  branches  of  the  plant  show  only  normal  green  coloration, 
and  a  part  of  the  upper  branches  is  also  normal  in  color  and  size,  and  witli 
fruits  rather  above  the  average  size.  The  variegated  branches  do  not  regu- 
larly alternate,  nor  do  thej-  come  all  from  one  side,  but  they  might  still  have 
conne<*tion  with  the  phyllotaxy.  There  seem  to  l)e  two  stages  of  the  variega- 
tion, a  white  and  a  light  greenish  yellow ;  the  latter  may  l)elong  only  to  young 
leaves.  Both  are  distributed  with  the  utmost  irregularity,  and  both  may 
affect  the  upi)er  surface  of  the  leaf  while  the  luider  surface  remains  green,  or 
vice  versa,  though  the  latter  (H)ndition  is  much  less  common  than  the  former. 
The  etiolated  ix)rtions  of  the  leaves,  involucres,  and  fruits  do  not  attain  the 
full  size  of  the  corresix)nding  normal  organs,  so  that  the  parts  affected  are 
more  or  less  unsymmetrical,  though  where  the  variegation  is  slight  this  result 
may  be  aijparent.  or  if  It  be  complete  the  symmetry  is  not  affected.  Except 
for  two  premature  bolls  the  seed  was  not  riiJe,  and  these  were  from  the  nor- 
mal lower  part  of  the  plant 


I 


ACCLIMATIZATION    OF    KEKCHI    COTTON.  17 

EFFECTS   OF  (ilATEMALAN   CONDITIONS   ON    UNITED   STATES   VARIETIES. 

The  behavior  of  the  United  States  varieties  under  changed  climatic 
tx)nditions  in  Guatemala  is  interesting  in  several  ways.  The  ''  King," 
which  in  the  United  States  appears  to  resemble  the  Guatemalan 
variety  most  nearly,  here  loses  most  of  its  distinctive  characters  and 
l)reak.s  up  into  a  variety  of  types,  many  of  which  would  not  be  recog- 
nized in  the  United  States  as  at  all  related  to  King.  One  of  these  is 
a  "  limbless  "  or  ''  cluster  "  variety,  which  for  a  time  appeared  to 
Mr.  Kinsler  as  a  ver\'  promising  new  sort.  It  was  smaller  and  dis- 
tinctly earlier  than  King  plants  of  the  normal  type,  and  seemed 
likely  to  Ix^  more  productive,  but  only  a  few  bolls  developed,  and 
these  proved  to  be  of  abnormal  form,  with  deep  grooves  or  notches 
across  the  tip. 

One  of  the  features  in  which  the  change  of  climate  seems  to  pro- 
duce remarkable  effects  is  that  of  earliness.  The  King,  which  in  the 
States  is  looked  upon  as  the  earliest  variety,  is  found  by  Mr.  Kinsler 
to  l)e  somewhat  exceeded  in  this  respect  by  "  Allen,"  which  has  not 
been  looked  upon  as  a  comj^etitor.  The  Sea  Island  and  Egj'ptian 
varieties,  too,  prove  to  he  much  more  precocious  than  was  exj:)ected. 
Some  of  them  l^egin  flowering  almost  as  soon  as  the  Upland  sorts. 
The  Rivers  variety  of  Sea  Island  cotton,  in  particular,  was  very 
early,  robust,  and  productive,  distinctly  ahead  of  the  near-by  Janno- 
vitch,  though  not  so  tall. 

ACCLIMATIZATION    OF    KEKCHI    COTTON    IN    THE    UNITED    STATES. 

It  was  not  unexpected  that  the  Kekchi  cotton  would  show  a  change 
in  its  method  of  growth  on  l^ing  transferred  to  Texas.  New  condi- 
tions of  soil  and  climate  often  cause  notable  disturbances  of  the 
organism.  Some  of  the  tropical  cottons  planted  in  Texas  for  experi- 
mental purposes  have  grown  into  large  bushes  without  showing  the 
slightest  tendency  to  produce  fruit  or  even  flowers.  In  1004  cotton 
from  Peru  planted  at  Victoria,  Tex.,  giew  most  vigorOiisly  to  a 
height  of  18  feet,  but  remained  quite  sterile.  It  is  possible,  however, 
that  even  in  their  own  country  these  were  what  are  called  *'  tree 
cottons,"  which  usually  grow  to  considerable  size  before  beginning 
to  flower.  Letters  from  Mr.  Kinsler,  in  charge  of  our  experimental 
plot  at  Pierce,  Tex.,  relate  a  similar  behavior  on  the  part  of  the 
Kekchi  cotton,  which  at  that  place  has  grown  large  and  rank;  but 
toward  the  end  of  July  it  was  beginning  to  fruit,  so  that  the  ripening 
of  seeds  in  Texas  is  to  be  anticipated. 

Two  or  three  years  will  probably  suffice  to  diminish  this  abnormal 
vegetative  vigor,  due  to  the  stimulus  of  the  new  conditions,  and  per- 
mit a  return  to  the  normal  earliness  of  the  yariety.    Similar  results 

p?6S— No.  8^—05  M Z 
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have  attended  the  introduction  into  Texas  of  Mexican  varieties  of 
corn.  The  plants  grew  14  feet  high  the  first  year  and  bore  very  little 
seed ;  in  the  following  seasons  they  became  smaller,  earlier,  and  more 
productive. 

The  probability  that  the  Kekchi  cotton  can  be  grown  even  at  the 
northern  limits  of  cotton  cultivation  is  strongly  indicated  by  the 
results  of  an  experiment  at  Lanham,  Md.  (1905).  In  favorable  sea- 
sons cotton  can  Ik?  grown  to  maturity  as  far  north  as  Washington,  but 
the  present  year  has  been  very  unfavorable,  the  summer  months  being 
for  the  most  part  cool  and  rainy,  and  with  several  intervals  of 
unusually  low  temperature.  The  cotton,  which  was  planted  intention- 
ally in  rather  poor  soil,  to  avoid  too  great  luxuriance  of  growth,  ger- 
minated very  badly  and  remained  small  and  stunted  until  August. 
The  Kekchi  rows  have,  however,  produced  more  j^lants,  and  more  of 
these  have  grown  to  maturity  than  with  any  of  the  domestic  or  for- 
eign varieties  included  in  the  test.  The  Kekchi  type  has  also  remained 
more  constant  in  Maryland  than  did  the  King  variety  when  grown  in 
Guatemala,  though  there  are  obvious  dift'erences  between  individual 
plants.  Two  plants  in  particular  were  found  to  have  numerous  buds, 
some  ready  to  blossom  before  any  of  the  others  had  begini  to  show 
signs  of  productive  maturity. 

It  might  be  feared  that  a  variety  newly  introduced  from  a  tropical 
country  would  be  likely  to  suffer  more  from  low  temperatures  than 
our  United  States  varieties,  but  this  seems  not  to  be  the  case  with  the 
Kekchi  cotton,  even  when  the  cold  is  carried  down  to  the  freezing 
point.  There  were  light  frosts  in  Lanham  about  the  end  of  Septem- 
ber, just  sufficient,  as  it  happened,  to  do  appreciable  damage  to  cotton 
in  low  ground.  The  Kekchi  plants  did  not  suffer  more  than  the 
American  Upland  varieties.  The  difference,  if  any,  was  in  favor  of 
the  Kekchi  cotton,  perhaps  on  account  of  the  closer  foliage. 

Many  annual  plants,  even  those  of  tropical  origin,  are  most  vigor- 
ous and  productive  at  their  northern  limits  of  growth,  not,  as  has  been 
supposed,  because  this  is  the  coldest  part  of  their  range,  but  because 
the  heat  and  sunlight,  necessary  to  plant  gi'owth,  are  greater  during 
our  summer  months  than  can  be  secured  in  a  similar  time  in  the 
Tropics,  owing  to  the  much  longer  days  of  our  northern  latitudes." 

The  Pachon  cotton  from  western  Guatemala,  though  it  has  grown 
taller  at  Victoria,  Tex.  (52-79  inches),  than  at  Lanham,  Md.  (30-40 
inches),  has  produced  numerous  buds  in  Maryland,  but  none  in 
Texas.  The  Kekchi  cotton  also  appears  to  have  been  more  productive 
at  Lanham  than  at  Victoria,  to  judge  from  a  recent  partial  report 
from  Mr.  Argyle  McLachlan. 

«  Cook,  O.  F.,  1902.  Agriculture  in  the  Tropictil  Islands  of  the  United  States, 
Yearbook  of  tbe  United  States  Department  of  Agriculture  for  1901,  p.  367, 
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It  is  very  possible,  therefore,  that  if  the  Guatemalan  variety  is  able 
to  thrive  in  the  United  States  it  will  ripen  its  crop  here  in  even  less  time 
than  it  requires  in  Guatemala,  and  this  is  rendered  the  more  probable 
from  the  fact  that  in  Guatemala  the  cotton  has  to  be  planted  in  the 
rainy  season  and  is  obliged  to  exist  for  the  first  few  months  under 
f.*onditions  of  excessive  moisture.  The  dry  season  of  this  district  is 
short  and  uncertain.  For  two  years,  1903  and  1904,  the  Indians  were 
unable  to  burn  their  clearings,  so  that  the  corn  crop  failed  and  the 
community  was  reduced  to  the  verge  of  starvation.  The  cotton  crop, 
in  normal  seasons,  is  said  to  be  planted  in  the  latter  half  of  October 
and  ripens  in  March. 

The  introduction  of  a  dwarf,  short-season  cotton  would  re(|uire,  of 
course^,  something  of  a  change  in  cultural  methods  in  the  South,  since 
the  smaller  size  of  the  plants  will  need  to  he  compensated  by  closer 
planting.  It  will  be  readily  understood  that  to  secure  the  setting  of 
a  crop  in  the  minimum  of  time  as  many  plants  as  possible  should 
l)e  set  at  work.  The  question  is  not  that  of  the  maxinunn  product  for 
each  plant  or  for  a  given  area.  With  the  weevil  in  the  field  the  time 
factor  becomes  of  chief  importance. 

Little  is  gained  in  reality  by  the  rank  growth  of  the  larger  varie- 
ties; in  fact  there  is  a  distinct  loss  in  earliness,  even  though  some 
bolls  are  set  in  the  early  part  of  the -season.  If  these  are  overshad- 
owed and  starved  by  the  continued  upward  growth,  the  crop  is  delayed 
and  the  lower  part  of  the  plant  becomes,  on  the  whole,  distinctly 
unproductive. 

EARLY   BEARING   FACILITATED   BY   LONG   BASAL  BRANCHES. 

The  earliness  of  the  Kekchi  cotton  is  made  possible  by  the  fact  that 
the  bolls  are  nearly  all  borne  at  the  base  of  the  plant,  the  upper 
branches  and  their  foliage  serving  merely  to  asvsist  in  bringing  to 
maturity  the  fruits  which  are  set  while  the  plant  is  still  very  young. 

Like  several  other  tropical  economic  species,  such  as  coffee,  cacao, 
and  the  Central  American  rubber  tree,  the  cotton  plant  has  two  kinds 
of  branche^s — the  true  or  primary  branch,  which  arises  in  the  normal 
position  of  branches  in  the  axil  of  the  leaf,  and  the  secondary  or  fruit 
branches,  one  of  which  arises  at  the  side  of  each  primary  branc^h.  In 
most  varieties  only  a  few  of  the  true  branches  are  developed;  often 
none  at  all.  They  are  almost  always  plainly  indicated,  however,  by 
a  small  bud  or  a  stunted  leaf  or  two,  in  case  the  bud  has  not  remained 
entirely  dormant. 

Cotton  plants  are  eitlier  right-handed  or  left-handed  in  the  sense 
that  on  the  same  plant  all  the  secondary  branches  come  out  on  the 
same  side  of  the  primary  branches.  It  is  possible,  therefore,  to  de- 
termine by  its  position  whether  any  particular  branch  is  a  primary  or 
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a  secondary.  But  the  function  of  the  two  sorts  of  branches  does  not 
always  remain  as  distinct  as  in  the  coffee  and  cacao.  A  primary 
branch,  like  the  main  stem,  never  bears  any  flowers;  it  produces  only 
leaves  and  other  branches,  mostly  secondary. 

Secondary  branches,  on  the  other  hand,  produce  normally  a  flower 
bud  at  the  axil  of  each  leaf,  and  this  rule  holds  very  generally,  except 
that  at  the  lower  part  of  the  plant  it  sometimes  happens  that  a  branch 
which  has  the  secondary  position  functions  as  a  primary;  that  is, 
instead  of  bearing  buds  and  flowers  it  produces  only  leaves  and  sec- 
ondary branches.  In  the  Kekchi  cotton,  as  gi*own  crowded  together 
in  the  Indian  fields,  the  primary  branches  seldom  appear,  but  when 
more  space  is  allowed  and  the  soil  is  fertile  it  is  usual  for  two  branches 
to  start  from  the  axil  of  each  of  the  lower  leaves,  one  promptly  pro- 
ducing flowers,  the  other  assisting  in  the  rapid  increase  of  the  leaf 
surface  of  the  plant  and  of  its  power  to  elaborate  food. 

Under  the  j)opular  idea  that  plants  draw  their  food  from  the 
ground  the  possession  of  branches  which  bear  little  or  no  fruit  might 
be  looked  upon  as  an  undesirable  character,  but  when  we  take  into 
consideration  the  fact  that  the  leaves  instead  of  the  roots  are  the  true 
assimilating  organs  of  the  plant  it  tecomes  apparent  that  a  variety 
of  cotton  which  develops  its  lower  primary  branches  may  have  an 
advantage  in  earliness  over  one  which  is  obliged  to  depend  for  its 
foliage  up(m  secondary  or  fruit-bearing  branches.  In  the  matter  of 
determinate  habits  of  growth  these  primary  branches  are  also  a  fea- 
ture, because  they  enable  a  plant  to  produce  a  full  quota  of  leaves 
without  unduly  increasing  the  number  of  fruiting  branches  and  thus 
continuing  to  add  to  the  number  of  superfluous  buds. 

The  most  obvious  characteristic  of  the  Kekchi  cotton  as  it  grows  in 
our  experimental  plots  is  the  long  basal  branches,  which  often  equal 
or  exceed  in  length  the  main  stem  itself.  The  most  prolific  branches 
of  the  United  States  varieties  are  those  which  come  out  from  the  main 
stem  at  the  height  of  about  a  foot,  but  the  bulk  of  the  crop  on  the 
Kekchi  cotton  is  borne  u)uch  closer  to  the  ground.  (PI.  II,  fig.  2.) 
The  long  basal  branches  facilitate  the  early  ripening  of  a  uniform 
crop  of  cotton,  but  they  will  not  be  an  advantage  under  all  circum- 
stances; as,  for  example,  in  dry  regions  where  the  weevil  can  be  held 
in  check  by  open  cultiu*e.  The  necessary  exposure  of  the  fallen 
squares  to  the  full  sunlight  on  hot,  dry  soil  would  be  interfered  with 
by  a  plant  of  low  spreading  habit  and  dense  foliage. 

EARLY  REJECTION  OF  SUPERFLUOUS  SQUARES. 

That  the  Kekchi  cotton  has  a  limited  or  determinate  growth  and 
does  not  take  advantage  of  the  perpetual  summer  to  become  a  tree  or 
even  a  large  bush  is  evident  from  the  fact  that  in  the  latter  part  of 
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the  season  most  of  the  flower  buds  and  leaf  buds  bhist  and  fall  off 
while  still  very  young,  l)efore  the  weevil  would  fjive  attention  to  them. 
By  the  time  the  fii'st  of  the  cotton  is  In^orinning  to  rij>en,  most  of  the 
l)lants  have  (vased  flowering  and  no  new  leaves  are  l)t»ing  put  forth, 
(leiierally  there  are  lx)lls  only  near  the  bast*  of  the  plant. 

It  is  a  normal  character  of  the  cotton  plant  that  the  fruiting 
l)ranches  shall^produce  a  bud  at  each  node  or  joint ;  that  is,  at  the  base 
of  each  leaf.  If  all  these  buds  were  to  be  retained  and  treated  impar- 
tially to  the  fcxxl  materials  which  the  plant  is  able  to  supply,  the 
result  would  undo!ibtedly  be  disastrous,  since  the  plant  would  Ix*  able 
to  bring  very  few  of  its  fruits  to  maturity,  i)erhaps  none  at  all,  unless 
a  part  of  the  burden  were  removed  by  the  wwvils  or  by  other  outside 
causes.**  It  is  under  the  necessity  of  throwing  off  a  part  of  its  load  of 
fruit  at  one  stage  or  another  of  its  development,  the  younger  the 
better. 

The  rejection  is  accomplished  by  the  formation  at  the  base  of  the 
peduncle,  or  fruit  stalk,  of  special  layers  of  cells  of  soft  texture, 
which  soon  disintegrate  and  allow  the  bud  or  young  fruit  to  fall  off. 
This  is  one  of  the  many  instances  of  the  prodigality  of  nature,  which 
makes  so  manv  allowances  in  advance  for  the  accidents  which  beset 
the  existence  of  all  living  things.  The  waste  of  buds  is,  perhaps,  not 
so  large  in  proportion  among  the  perennial  ''  tree  "  cottons,  which 
form  a  considerable  shrub  before  beginning  to  blossom.  In  cultiva- 
tion, how^ever,  the  tendency  has  always  been  to  encourage  early  bear- 
ing, and  thus  reduce  the  early  vegetative  period  of  the  plant  and 
bring  it  to  a  precocious  maturity.  The  result  is  that  fruiting  branches 
are  produced,  even  on  young  plants,  and  buds  are  formed  out  of  all 
true  proportion  to  the  actual  productive  power. 

The  habit  of  rejecting  a  large  part  of  the  squares  and  bolls  is  espe- 
cially obvious  in  the  "  cluster  cottons,"  varieties  in  which  the  branches 
an*  abnormally  shortened,  so  that  the  leaf  surface  of  the  plant  is  still 
further  reduced.  This  cuts  down  still  more  the  productive  power  of 
the  individual  plant,  though  there  nmy  be  a  gain  in  the  numbi^r  which 
can  be  grown  on  a  given  area. 

But  cluster  cottons  have  not  learned  to  moderate  their  promises  to 
correspond  w^ith  their  powers  of  j)erf()rmance,  and  continue  to  set 
vast  numbers  of  buds,  flowers,  and  bolls,  which  they  are  unable  to 
ripen.  The  same  is  true  to  a  less  obvious  extent  of  all  our  Upland 
varieties,  but  until  the  advent  of  the  boll  weevil  the  superfluous  buds 
were  not  a  serious  factor,  and  the  waste  under  favorable  conditions 
was  often  well  comj)ensated  by  the  power  to  recover  and  set  a  new 


«»  III  Texas  it  is  l)elievetl  thsit  rain  at  the  tiiiu*  of  flowering  rcnlnces  the  crop  to 
half  the  normal  quantity,  or  even  less.  The  explanation  given  is  that  water 
i<ettles  in  the  flowei-s  and  prevents  fertilization.  This  might  serve  as  an  addi- 
tional Indlcatiou  that  cotton  originated  in  a  dry  climate. 
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croi)  when  in  unfavorable  seasons  the  earlier  buds  were  lost,  or  when,  as 
occasionally  happened  in  southern  Texas,  there  was  a  lil)eral  top  crop, 
or  st»c()nd  period  of  bearing,  late  in  the  autumn  months. 

The  presence  of  the  weevil  alters  all  thase  factors.  The  superfluous 
buds  become  positively  detrimental,  for  they  furnish  the  breeding 
grounds  for  successive  generations  of  weevils  and  enable  the  pest  to 
attain  in  the  latter  half  of  the  season  such  numbers  that  a  top  crop 
jiot  only  becomes  utterly  impossible,  but  a  menace  is  prepared  for  the 
cotton  of  the  following  year.  For,  although  only  a  small  proportion 
of  the  weevils  live  through  the  winter,  the  number  of  survivors  un- 
doubtedly has  a  very  practical  relation  to  the  supjjly  maintained  at 
the  end  of  the  previous  season,  and  this  again  is  merely  a  question  of 
this  persistent  production  of  buds,  now  much  worse  than  useless. 

A  short-season  variety  of  cotton  having  a  sufficiently  determinate 
habit  of  growth  would  by  itself  constitute  a  solution  of  the  weevil 
problem.  The  Department's  entomological  investigations  in  Texas 
indicate  that  it  is  only  the  weevils  hatched  in  the  last  month  of  the 
growing  season — in  October  or  November — which  have  a  prospect 
of  surviving  the  winter.  A  cotton  which  ceased  to  produce  buds 
after  July  or  August  would  remove  the  chance  of  wintering  over 
from  all  the  weevils  except  the  few  that  might  develop  in  the  bolls, 
an  almost  infinitesimal  number  compared  with  those  that  now^  attain 
jnaturity  in  the  squares.  Much  would  be  gained,  of  course,  if  all 
planters  would  promptly  pick  their  cotton  and  then  pull  up  and 
destroy  the  plants,  being  especially  careful  to  collect  the  infested 
bolls.  But  to  carry  out  efficiently  such  a  programme  is  difficult  and 
expensive. 

To  what  extent,  if  any,  the  Kekchi  cotton  will  meet  this  need  of  a 
short-season  determinate  variety,  it  is  too  early  to  form  an  opinion, 
but  the  fact  that  it  has  these  qualities  to  a  higher  degree  than  any  of 
the  varieties  hitherto  known  in  the  United  States  must  be  accepted 
as  evidence,  at  least,  that  the  possibilities  of  this  method  of  protection 
have  not  been  realized.  In  the  latter  part  of  the  season  the  Kekchi 
cotton  ceases  the  upward  growth  of  the  main  stem  and  its  branches 
and  regularly  drops  the  greater  part  of  its  buds  l)efore  they  are  large 
enough  to  l)e  entered  or  fed  upon  by  the  w^eevils,  and  the  analogies 
to  be  drawn  from  the  habits  of  other  plants  will  justify  persistent 
efforts  toward  the  development  in  this  and  in  other  stocks  of  the 
habit  of  rejecting  the  buds  still  earlier  or  of  not  forming  them  at  all 
after  the  first  crop  of  fruits  has  set.  Many  plants  have,  in  fact, 
exactly  this  habit  so  desirable  in  cotton;  they  continue  to  flower  \mtil 
j)ermitted  to  set  seed. 
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SE.VSONAL   BEARING   OF    PERENNIAL   VARIETIES. 

The  continued  existence  of  perennial  cottons  in  weevil-infested 
countries,  like  Guatemala,  proves  the  presence  in  these  also  of  means 
of  protection.  One  of  the  most  infportant  is,  doubtless,  the  produc- 
tion of  an  annual  crop  at  a  definite  season,  leaving  the  weevils  with- 
out opportunity  to  breed  in  the  intervening  months,  thus  greatly 
reducing  their  numbers. 

The  popular  impression  that  tropical  plants  take  advantage  of  the 
continuous  summer  climate  and  blossom  continuouslv  is  correct  onlv 
for  a  small  minority.  Where  there  are  definite  wet  and  dry  seasons 
many  tropical  plants  have  alternating  periods  of  growth  and  rest 
almost  as  pronounced  as  in  temperate  climates,  and  even  in  regions 
of  continuous  humidity  there  are  some  si)ecies  which  shed  their  leaves 
annuallv  and  rest  for  a  time. 

ft- 

A  further  general  reason  for  a  simultaneous  annual  blossoming  of 
all  the  flowers  of  a  species  is  undoubtedly  to  be  found  in  the  greatly 
increased  opportunities  of  cross- fertilization,  just  as  many  insects 
^^varln  and  many  birds  and  mamnuils  collect  in  flocks  l)ef()re  the 
breeding  season.  Simultaneous  flowering  is  carried  to  a  remarkable 
extreme  among  the  bamboos,  where  whole  species  grow  for  long  series 
of  years  without  flowering,  and  then  flower  and  die  at  once  over  long 
distances  and  in  spite  of  local  diversity  of  conditions  which  might  be 
expected  to  advance  or  retard  maturity. 

Accordingly,  while  it  would  not  be  reasonable  to  insist  that  peren- 
nial varieties  of  cotton  have  adopted  the  habit  of  annual  flowering 
only  because  of  the  boll  weevil,  the  analogy  of  other  plants  may  be 
invoked  to  show  that  such  a  character  can  be  brought  about  by  select- 
ive influence.  The  weevil  could  certainly  assist  in  the  development 
of  such  a  tendency,  especially  if  there  were  a  season  of  the  year  in 
which  the  insects  were  less  numerous,  from  climatic  or  other  external 
causes  as  yet  unknown. 

The  tropical  varieties  of  cotton  are,  as  is  well  known,  mostly  peren- 
nial, and  some  of  them  develop  into  trees  of  considerable  size,  the 
trunk  attaining  a  diameter  of  6  or  8  inches,  and  the  main  branches  a 
length  of  15  or  20  feet.  The  existence  in  Mexico  of  tree  cotton 
immune  to  the  weevils  has  been  reported,  but  as  yet  this  has  not  been 
substantiated.  Possibly  the  weevil  has  not  yet  penetrated  some  of  the 
remote  and  arid  parts  of  the  republic.  In  eastern  (xuatemala,  at 
least,  the  tree  cottons  appear  to  enjoy  no  immunity  from  the  weevil, 
and  at  the  time  of  the  visit  of  the  writer  it  was  often  impossible 
to  secure  uninjured  bolls,  even  as  samples  of  the  varieties.  The 
native  cottons  of  the  island  of  Cuba,  according  to  Mr.  E.  A.  Schwarz, 
aLso  have  the  habit  of  annua]  blossoming,  in  the  intervals  of  which 
the  number  of  the  weevils  becomes  greatly  reduced.      The  cutting  back 
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of  the  cotton  by  the  Indians  at  Rabinal,  as  described  in  the  next 
paragraph,  is  an  artificial  means  of  attaining  the  same  end,  but  the 
native  Sea  Island  cotton,  found  at  San  Lucas,  and  the  Kidnev  cotton, 
at  Tucuru,  are  the  best  Guatemalan  examj^les  of  this  protective  habit. 

ANNUAL  CUTTING  BACK  OF  PERENNIAL  VARIETIES. 

WTiile  the  annual  variety  of  cotton  protected  by  the  keleps  is  the 
basis  of  the  only  field  culture  found  in  eastern  Guatemala,  the  Indian 
population  of  the  central  plateau  about  Salama  and  Rabinal  raise 
small  quantities  of  cotton  in  their  door^^ards  by  means  of  another 
cultural  expedient,  apparently  of  great  antiquity,  as  indicated  by  the 
extent  to  whidi  the  plant  is  adapted  to  the  cultural  conditions.  The 
variety  is  perennial  and  has  very  small  and  inactive  nectaries,  pos- 
sibly as  an  adaptive  result  of  the  dryness  of  the  climate. 

Most  of  the  perennial  varieties  begin  bearing  only  after  the  plants 
have  attained  considerable  size,  but  the  Rabinal  cotton  is  a  notable 
exception  to  this  rule  and  avoids  injury  from  weevils  by  the  very 
prompt  flowering  and  fruiting  of  the  new  shoots. 

The  w^eevils  are  present  in  numbers,  and  are  frequently  seen  crawl- 
ing about  on  the  plants  in 'a  leisurely  manner  quite  diflFerent  from 
that  which  they  affect  in  regions  stocked  with  keleps.  At  the  time 
of  our  visit  not  a  single  boll  or  bud  of  any  except  the  smallest  size 
could  be  found  which  had  not  Ix^en  attacked  by  them.  Nevertheless, 
a  crop  of  cotton  is  secured  at  another  season.  In  the  month  of  April 
the  Indians  cut  back  all  the  bushes  to  the  ground,  and  as  the  cotton 
is  always  planted  immediately  about  the  doors  of  their  houses,  where 
the  chickens  and  turkeys  congregate,  the  mortality  of  weevils  at  this 
time  is  probably  very  great.  The  protection  of  the  domestic  birds 
doubtless  continues  until  the  new-  shoots  have  grown  out  of  reach. 

As  soon  as  the  plants  are  a  few  inches  high  they  begin  flowering, 
and  before  the  weevils  are  sufficientlv  increased  in  numbers  to  become 
injurious  a  crop  has  been  set.  Flowers  and  fruit  are  commonly  borne 
on  the  lower  branches,  only  6  or  8  inches  from  the  ground.  The 
Indians  say  that  if  the  cotton  is  not  cut  back,  but  allowed  to  grow 
tall,  they  get  no  crop.  The  fact  is  that  by  that  time  the  weevils  are 
too  numerous  to  permit  normal  bolls  to  be  formed.  Our  search  for 
such  was  quite  in  vain  on  both  our  visits  to  Rabinal.  One  boll  w^hich 
gave  no  certain  external  j^roof  of  injury  was  wrapped  up  in  a  pa|3er 
and  retained  as  a  sample,  but  was  overlooked  in  packing  and  not 
transferred  to  the  preserving  fluid.  AMien  the  paper  w^as  unw^rapped 
a  few  w  eeks  later  three  dead  boll  weevils  were  found. 

The  Rabinal  cotton  crop  is  evidently  not  large,  but  the  harvest  is 
said  to  be  regular,  and  the  area  of  fertile  land  in  this  district  is  so 
small  that  none  of  it  is  wasted.     Much    foreign    thread    is    now 
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imported,  however,  for  weaving  in  the  native  looms.  The  industrv 
has  greatly  dec'Iined  in  the  la>t  cent!irv,  |)erha|»  l)eiiiuse  chicken^ 
have  been  generally  siil>;titutetl  ff>r  turkeys,  which  were  formerly  the 
only  domestic  fowl  i>ossesse<l  by  the  Indianr^. 

All  attempts  at  establishing  held  cultures  of  cotton  in  this  region 
have  failed.  The  local  public,  which  does  not  take  the  weevil  factor 
into  consideration,  is  firmly  persuaded  that  cotton  will  not  l)ear  ex- 
cept ill  the  heavy,  rich  soil  of  the  dooryards  of  the  Indian  villages. 

HAIRY  STALKS  AND  LEAF  STEMS. 

ITie  weevil  on  foot  is  a  rather  slow-moving,  clumsy  insect,  and  it 
has  been  ascertained  in  the  course  of  the  investigations  ctmducted  by 
Messrs.  Hunter  and  Hinds  that  its  movements  on  the  plants  are  to  a 
great  extent  impeded  by  hairy  stalks  and  leaf  stems.  The  smooth 
Egj^ptian  and  Sea  Island  varieties  were  found  to  l)e  more  s!isceptible 
to  weevil  injuries  than  the  hairy  I7pland  sorts.  The  Kekchi  cotton 
is  still  more  hairv,  however,  than  the  United  States  varieties,  and 
gains  an  added  advantage  from  this  fact.**  The  longer  it  takes  the 
weevils  to  climb  from  one  bud  to  another  the  greater  are  the  chances 
of  their  being  caught  by  the  keleps.  The  latter  insects,  owing  to 
their  much  longer  legs  and  the  claws  with  which  their  feet  are  armed, 
are  not  onlv  able  to  travel  readily  over  the  hairs,  but  find  them  of 
definite  assistance.  On  smooth  surfaces  thev  are  much  less  adroit 
in  catching  and  stinging  the  boll  weevils.  In  our  experiments,  too, 
they  seemed  to  prefer  the  hairy  I^pland  cottons  to  the  smooth  Sea 
Island  varieties. 

The  diflFerence  between  the  two  insects  in  this  respect  may  also  be 
illustrated  by  the  fact  that  the  keleps  are  unable  to  ascend  a  perpen- 
dic!ilar  surface  of  clean  glass,  a  feat  which  the  weevils  accomplish 
without  difficulty. 

That  the  Guatemalan  cotton  was  more  attractive  to  the  keleps  than 
the  United  States  Upland  and  Sea  Island  varieties  planted  in  ad- 
jacent rows  seems  to  be  indicated  by  a  census  of  our  plot  experiment, 
taken  April  19  by  Mr.  Argyle  McLachlan.  Kelep  nests  were 
found  at  the  bases  of  41  per  cent  of  the  plants  of  the  other  varieties, 

« Though  distinctlj"  hairier  tlian  our  ordinary  Upland  varieties,  tlie  Kelcchl 
cotton  is  exceeded  in  this  resinK-t  by  two  other  Guatemalan  tyi)es,  as  woll  shown 
in  a  field  tc^t  at  Lauham,  Md.  The  Paohon  cotton  obtained  by  Mr.  William  R. 
Maxon  in  the  Uetalhuleu  district  of  western  Guatemala  is  distinctly  more 
haii-y  than  the  Kekchi  variety,  though  it  seems  to  l)e  lacking  in  other  w(h»vI1- 
resisting  features.  The  involucral  bracts  are  not  closed  any  more  than  in  the* 
Sea  Island  or  Egyptian  tyi)es.  The  most  hairy  cotton  of  all  is  the  Rabinal 
variety,  at  least  in  the  form  it  has  taken  at  Lanham.  The  plants  are  very  nuich 
more  robust  in  every  resi>ect  than  at  home  in  Guatemala,  and  the  hairy  (X)vering 
shares  in  this  increased  vigor. 
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while  7(>  per  cent  of  the  plants  of  the  Kekehi  cotton  were  favored  with 
kelep  nests.  This  apparent  preference  may  be  somewhat  exaggerated, 
perhaps,  in  view  of  the  fact  that  the  plants  were  often  farther  apart 
in  the  rows  of  the  Kekehi  cotton,  the  seed  having  germinated  very 
irregularly.  Moreover,  the  sui>erior  attraction  of  the  Kekehi  cotton 
for  the  keleps  may  not  have  consisted  entirely  in  the  greater  hairiness 
or  the  more  abundant  nectar.  The  compact  foliage  and  spreading 
lower  branches  of  the  Kekehi  cotton  give  greater  protection  from  the 
midday  sun,  which  the  keleps  utilize  by  greater  activity  in  the  middle 
of  the  day. 

With  the  Sea  Island  varieties  it  seemed  obvious,  however,  that  the 
smooth  stems,  more  open  habit,  and  smaller  supply  of  nectar  result  in 
distinctly  less  attention  from  the  keleps.  From  9  or  10  o'clock  on  hot 
days  they  foraged  very  little,  and  seemed  to  have  quite  disappeared 
from  these  varieties,  though  still  to  be  found  in  considerable  numbers 
on  the  stems  of  the  Upland  varieties  and  most  of  all  on  the  Kekehi 
cotton,  which  appears  especially  adapted  for  the  comfort  and  con- 
venience of  the  keleps. 

It  was  noticed,  however,  that  the  keleps  went  much  more  often  into 
the  involucres  of  the  Sea  Island  and  Egyptian  varieties  than  into  those 
of  the  Kekehi  cotton,  for  the  simple  reason,  probably,  that  they  can 
get  in  more  easily. 

In  the  latter  part  of  the  season,  after  the  weevils  had  gained  a  foot- 
ing in  this  field.  Professor  Pittier  noticed  a  very  decided  preference 
on  their  part  for  the  Egyptian  varieties,  though  it  seems  certain  that 
this  type  of  cotton  had  never  been  planted  in  the  country  before.  The 
partiality  of  the  weevils  might  be  explained,  perhaps,  on  such  grounds 
as  the  relative  absence  of  the  keleps,  and  also  the  ease  of  access  to  the 
buds  of  the  Egyptian  cotton  allowed  l)y  the  more  open  involucres. 
However,  a  slight  change  of  food  or  of  conditions  of  growth  is  often 
a  distinct  advantage  to  plants  and  animals,  so  that  a  direct  preference 
for  a  new  variety  as  food  might  reasonably  be  expected,  and  similar 
instances  are  known. 

The  greater  hairiness  of  the  stems  and  the  presence  of  the  keleps 
may  also  explain  why  the  weevils  in  Guatemala  were  seldom  seen 
walking  about  on  the  cotton  plants  as  they  do  in  Texas.  On  the 
other  hand,  they  take  to  wing  very  readily  and  seem  to  prefer  to 
alight  in  the  open  flowers,  the  only  places  on  the  cotton  plants  where 
they  are  safe  from  the  keleps. 

The  petals  are  so  smooth  that  the  keleps  seldom  descend  into  the 
flowers,  and  when  they  do  sometimes  appear  to  be  unable  to  climb 
out.  The  petals  of  the  Sea  Island  sorts  are  smooth  even  on  the  mar- 
gins, sometimes  entirely  so,  while  those  of  the  Upland  varieties  are 
fringed  with  fine  hairs  well  up  on  the  sides,  if  not  all  the  way  round 
the  apex. 
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Tlie  liability  to  captui-e  by  Mich  an  instn-t  as  the  kelep  may  also 
afford  an  explanation  of  the  peculiar  sedentary  habits  of  the  male 
weevils,  which  often  ivniain  staticmary  in  on^  involncn*  for  long 
periods,  or  as  long  as  their  fcKxl  siipply  lasts.  It  is  nect*ssary  for  the 
fenialt*s  to  go  alx)ut  in  st»arch  of  fresh  scpiaivs  for  egg  laying,  but 
similarly  active  habits  on  the  part  of  the  males  would  subject  them 
to  unnecessary  danger. 

PENDENT  BOLLS. 

The  early  bearing  of  the  Kekchi  cotton  is  made  possible,  as  already 
noted,  by  the  unusual  development  of  the  lower  lateral  branches, 
which  often  have  a  drooping  habit,  leaving  the  buds  and  bolls  in 
pendent  position,  intead  of  upright.  There  are  several  advantages 
in  this  arrangement,  one  l)eing  that  the  instinct  of  the  weevils  leads 
them  to  the  upper  portion  of  the  plant.  In  a  very  badly  infested 
field  without  kelep  protection,  the  only  bolls  which  escaped  the 
weevils  were  a  few  lying  close  to  the  ground  on  these  lower  i)endent 
branches  of  the  Kekchi  cotton.  Only  at  the  time  of  flowering  does 
the  peduncle  curve  upward  and  give  the  flower  its  normal  upright 
position.  Thus  these  drooping  lateral  branches  of  the  cotton,  which 
seem  to  hide  the  buds  and  bolls  away  from  the  weevil,  may  be  looked 
upon  as  a  short  step  in  the  direction  of  such  phenomena  as  the 
cleistogamous  flowers  of  violets  which  remain  buried  in  the  ground, 
or  those  of  the  peanut  which,  after  flowering,  burrow  into  the  soil  to 
ripen  their  seeds. 

The  flowers  of  the  cotton  plant  open  in  a  more  or  less  directly  up- 
right position,  and  this  is  retained  by  the  boll  in  most  varieties.  In 
the  so-called  "  stormproof ''  sorts,  however,  the  bolls  hang  down,  and 
this  is  looked  upon  by  many  planters  as  a  distinct  advantage,  since 
when  the  boll  is  ripe  and  open  the  rain  does  not  beat  into  it  and  wet 
the  cotton  or  wash  it  out,  but  is  shed  by  the  protecting  outer  shell  and 
involucre. 

On  pendent  bolls  the  external  nectaries  are  brought  upward,  so 
that  there  is  no  danger  of  an  abundant  secretion  of  nectar  being  lost 
by  dropping  off.  The  surface  of  the  nectary  is  papillrite  and  has  a 
somewhat  waxy  appearance.  The  secretion  often  collects  as  a  dis- 
tinct drop.  The  nectaries  are  also  more  readily  visited  by  the  keleps. 
and  the  young  bolls  are  likely  to  be  better  protected  by  them.  If 
these  remained  upright,  the  weevils  would  In?  more  likely  to  alight 
and  enter  the  involucre  at  once. 

The  drooping  habit  may  have  a  mechanical  explanation  as  the  re- 
sult of  the  weakness  v)f  the  comparatively  slender  lateral  branches. 
It  is  also  to  be  connected,  perhaps,  with  the  habit  of  early  flowering 
and  fruiting,  since  this  would  bring  heavier  bolls  upon  smaller  and 
softer  branches  which  would  be  twisted  over  by  their  weight.     In 
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the  later  and  more  upright  varieties  the  flowers  are  not  formed  until 
the  wood  of  the  branches  has  Inirdened  and  become  strong  and  rigid. 
Pendent  Ik)11s  may  thus  l>e  said  to  Iw  incompatible  with  the  cluster 
habit,  which  is  brought  about  by  the  abnormal  shortening  and  thick- 
ening of  the  lateral  branches,  which  are  able  to  hold  their  flowers  and 
fruits  rigidly  upright,  except  as  they  may  be  turned  sidewise  by  teiiig 
crowded  together.  The  cluster  cottons,  too,  have  the  undesirable 
tendency  to  an  abnorffial  multiplication  of  squares  and  young  bolls, 
many  more  than  the  restricted  leaf  surface  of  the  p\ant  wull  enable 
it  to  ripen.  This  superabundance  of  flowers  and  fruits  gives,  how- 
ever, the  greater  encouragement  to  the  weevil,  and  us(\s  up  vegetative 
energy  which  could  be  better  employed  in  the  prompt  ripening  of  the 
bolls  already  s(»t.  It  is  no  miconunon  thing,  how^ever,  for  even  half- 
sized  bolls  of  cluster  cottons  to  die  without  any  sign  of  external 
injury  or  disease,  while  other  varieties  close  by  remain  perfectly 
healthy.  The  cause  is  probably  to  be  found  in  inadequate  nutrition, 
but  this  might  also  be  expected  to  give  them  increased  susceptibility 
to  injury  from  parasitic  enemies  of  every  kind. 

It  is  not  unlikely,  too,  that  the  drooping  habit  may  be  connected 
with  the  greater  size  of  the  inside  nectaries  of  the  Guatemalan  vari- 
ety. These  ^re,  as  far  as  we  have  seen,  larger  than  in  any  other 
American  variety  yet  known ;  but  the  Asiatic  cottons,  which  have  the 
inside  nectaries  still  larger  and  more  active,  are  also  more  definitely 
pendent.  The  involucre  is  grown  together  at  the  base,  as  though  to 
more  thoroughly  protect  the  nectaries  from  above — from  the  sun, 
which  would  dry  up  the  secretion,  and  from  the  rain,  which  w^oiild 
wash  it  off. 

The  nectar  is  formed  in  great  abundance,  and  Mr.  F.  J.  Tyler,  of 
this  Department,  has  called  attention  to  the  fact  that  the  surface  of 
the  nectaries  of  the  Asiatic  cottons,  instead  of  being  merely  papil- 
late, as  in  the  American  Upland  varieties,  has  a  covering  of  close- 
standing  fine  hairs,  to  which  Its  velvety  appearance  is  due. 

Finally,  it  may  be  remarked  that  for  cotton  with  upright  bolls  the 
inside  nectaries  are  often  an  element  of  danger,  since  when  the  secre- 
tion is  abundant  and  is  not  removed  it  flow^s  along  the  bases  of  the 
involucre  and  may  serve  as  a  medium  for  the  germination  of  parasitic 
fungi  or  bacteria.  Bolls  are  not  infrequently  found  diseased  around 
the  base,  apparently  from  this  cause. 

EXTBAFLOBAL  NECTABIES. 

Tlie  cotton  plant  is  not  without  floral  nectaries  similar  to  those  of 
related  genera,  consisting  of  fringes  of  nectar-secreting  hairs  lining 
the  pits  inclosed  l)etween  the  bases  of  the  petals.  The  nectar  serves, 
doubtless,  the  same  purpose  as  in  other  plants,  the  attraction  of  the 
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honey-loviiig  insects  through  which  cross- fertilization  is  secured. 
It  does  not  api>ear,  however,  that  the  floral  nect^iries  of  the  cotton 
have  any  connection  with  the  i)roblem  of  weevil  resistance,  although 
the  weevils  seem  in  Guatemala  to  spend  a  considerable  part,  of  their 
lime  in  the  flowers,  which  are  indeed  tlie  only  safe  places  for  them 
on  plants  protected  by  the  keleps.  It  had  l)een  noticed  from  the  first 
that  the  keleps  seldom  visit  the  cotton  flowers,  and  Mr.  Kinsler  has 
learned  a  very  adequate  explanation  of  this  fact,  namely,  that  they 
are  able  to  climb  out  of  the  flowers  onlv  with  considerable  difficultv, 
and  sometimes  remain  imprisimed  in  spite  of  all  their  efforts  to 
escape. 

The  functions  of  the  extrafloral  nectaries  of  plants  are,  as  far  as 
ran  be  ascertained,  similar  to  those  of  the  floral  nectaries  to  the  extent 
that  they  attract  insects,  but  lieyond  this  there  is  a  fundamental  dif- 
ference; the  floral  nectaries  and  highly  colored  floral  organs  serve  to 
>ecure  visits  of  flying  insects  and  thus  maintain  intercommunication 
and  cross- fertilization  between  the  different  members  of  the  same 
species,  in  spite  of  the  fact  that  the  individual  plants  are  rooted  fast 
in  the  ground.  The  extrafloral  nectaries,  on  the  other  hand,  attract 
to  the  plants  insects  which  will  remain  upon  them  as  permanent  resi- 
dents, and  this  is  the  end  secured  by  tlie  extrafloral  nectaries  of  tlie 
potton. 

It  may  be  objected  by  some  that  no  use  or  benefit  to  the  plant  has 
lieen  ascertained  in  the  case  of  many  species  which  have  extrafloral 
nectaries  and  other  insect-attracting  devices.  Much  renuuns  to  be 
learned  concerning  these  marvelous  biological  specializations,  and 
there  are  two  obvious  alternatives  which  need  to  Ix*  canvassed  before 
belief  in  the  adaptive  nature  of  extrafloral  nectaries  and  analogous 
stnictures  can  be  destroved.  The  character  and  extent  of  nuinv  such 
specializations  show  that  they  have  existed  for  a  Vyw^  time.  They 
may  have  served  protective  purposes  no  longer  aj)i)arent.  The  other 
consideration  is  that  some  of  the  symbiotic  specializations  existing 
between  such  plants  as  Cecropia  and  Acacia  and  their  inst*ct  inhab- 
itants have  arisen  through  st»lec(ive  encouragement,  much  as  the 
special  characters  of  our  domestic  plants  and  animals  have  been 
developed.  .  It  may  be  sufficient,  in  other  words,  that  the  nectari(»s  or 
other  structures  be  of  use  to  the  insects  which  have  done  the  selecting. 
It  mav  seem  absurd  to  think  of  bushes  or  trees  as  having  been  domesti- 
cated  by  ants  many  thousands  of  years  ago,  but  the  wonder  is  no 
greater  than  that  ants  and  termites  regularly  maintained  subter- 
ranean fungus  gardens  ages  before  mushroom  culture  was  undertaken 
by  man. 
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■ 

NECTARIES  .OF  THE  LEAVES. 

The  midrib  of  each  leaf  bears  on  the  under  side  an  oblong  pit, 
from  which  a  drop  of  nectar  may  often  be  seen  to  exude.  This  is 
collected  and  eaten  by  the  keleps,  which  are  thus  induced  to  visit 
all  parts  of  the  plants,  especially  while  they  are  still  small. 

The  habit  of  collecting  the  nectar  was  not  previously  known  to 
exist  among  the  insects  of  the  family  (Poneridffi)  to  which  the  kelep 
has  been  referred.  Nevertheless,  the  fact  is  not  open  to  question. 
The  process  is  easy  of  observation  in  even  greater  detail*  than  with 
the  true  ants  or  the  bees,  because  the  keleps  do  not,  like  these  insects, 
have  the  art  of  regurgitating  their  food.  They  merely  lap  the  nectar 
up  to  form  a  drop,  which,  protected  by  the  widely  opened  mandibles, 
is  carried  into  the  nest  to  feed  the  queen  and  the  young. 

Nectaries,  or  at  least  nectary-like  depressions,  are  to  l)e  found 
probably  on  the  leaves  of  all  varieties  of  cotton,  though  very  small 
and  apparently  inactive  on  some  of  the  larger  tree  sorts."  The 
shape  of  the  nectaries  also  varies  greatly  in  the  different  species  and 
varieties,  some  being  longitudinal,  others  transverse,  and  still  others 
crescentic  or  even  sagittate.  Some  varieties  have  nectaries  on  the 
three  principal  veins,  and  some  even  on  five  veins. 

The  leaf  nectaries  of  the  Kekchi  cotton  are  to  be  found  on  the 
midrib  of  the  leaf  about  1.5  cm.  from  the  base.     Thev  consist  of  a 

« 

rather  shallow  longitudinally  oval  depression  surrounded  by  a  broad 
raised  rim.  The  midrib  often  appears  distinctly  narrower  above  the 
depression  than  Ijelow  it,  as  though  there  were  extra  tissues  to  supply 
it.  The  secretion  is  quite  active,  nearly  all  the  nectaries  showing  a 
small  amount  of  liquid,  which  sometimes  spreads  out  on  the  adjacent 
surfaces. 

These  nectaries  furnish,  as  might  l^e  expected,  a  medium  favorable 
for  the  growth  of  molds  or  fungi,  and  there  is  often  a  considerable 
network  of  dark-colored  fungus  mycelium  creeping  in  and  about  the 
moistened  depressions,  and  with  occasional  erect,  needlelike  points, 
which  may  be  fruiting  bodies. 

« This  was  not  true,  however,  of  a  Mexican  "  tree  ootton "  of  the  Upland 
type  grown  in  the  Department's  exi)eri mental  plots  in  Texas  last  year.  Large 
nectaries  were  generally  present  on  three  veins  of  each  leaf,  and  the  niidvein 
often  had  two.  They  were  of  the  t-rescentic  or  sagittate  tyi)e,  hut  often 
extremely  long  and  distort eil.  Another  Mexican  tr(H»  cotton,  with  a  different 
type  of  lighter  green  foliage,  suggesting  that  of  Bixa,  had  nectaries  only 
on  the  niidvein  and  these  redu(*ed  to  a  narrow  groove.  The  vein  was  not 
thickened  nor  the  margins  raised.  The  two  varieties  were  aliout  as  different 
as  could  well  he  with  respect  to  nectaries.  Neither  produced  either  flowers 
or  fniit,  so  that  their  true  relationshii>s  were  not  to  be  ascertained. 
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EXTERNAL  NECTARIES  OF  THE  INVOLUCRE. 

The  Guatemalan  cotton  protected  by  the  keleps  has  three  broadly 
oval  or  renifomi  pits  at  the  base  of  the  involucre,  one  at  the  middle 
of  the  base  ofeachof  the  involucral  leaves."  These  are  larger,  (leeix»r, 
and  more  active  than  the  neetaries  of  any  of  the  Texas  varieties  as 
vet  observed,  though  there  is  very  great  diversity  of  size  and  nectar- 
*«ereting  activity.  In  some  of  the  varieties  these  nectaries  are 
reduced  to  mere  rudiments  or  are  entirely  wanting.  The  depres- 
sion may  be  present,  but  with  no  secreting  tissue.  The  variety  nearest 
approaching  the  Guatemalan  cotton  in  having  large  and  active  necta- 
ries is  the  Redshank,  but  the  King  and  other  related  sorts  also  hav^e 
fairly  large  nectaries. 

The  drooping  or  pendent  positicni  of  tlie  bolls  in  the  Kekchi  cotton 
may  be  correlated  with  the  special  development  of  thest*  nectaries,  as 
already  noted.  In  the  middle  of  the  day  the  keleps  are  not  very 
active,  but  the  nectaries  are  sometimes  full  to  overflowing.  If  the 
»)olls  kept  the  erect  position  usual  in  the  varieties  cultivated  in  the 
LTiiited  States  the  nectar  would  frequently  drop  off  and  be  lost,  but 
when  the  fruits  hang  down  the  cuplike  nectaries  are  brought  upper- 
most and  hold  the  liquid  much  longer. 

The  evolutionary  origin  of  these  nectaries  is  fairly  obvious.  The 
bracts  are  to  be  looked  upon  merely  as  modified  leaves,  with  nectaries 
which  have  increased  in  size  and  activity  as  the  leaves  have  become 
smaller  and  more  s];)ecialized. 

INNER    NECTARIES   OF   THE   INVOLIHRE. 

As  though  to  induce  the  keleps  to  come  inside  the  involucre  and 
thus  more  effectually  protect  the  young  buds  and  bolls  against  the 
weevil,  the  Guatemalan  cotton  is  also  provided  with  unusually  large 
interior  nectaries,  alternating  in  position  with  those  of  the  outer 
series  and  thus  placed  opposite  the  edges  of  the  involucral  leaves  or 
bracts.  These  inside  nectaries,  like  the  outside  ones,  are  larger  and 
more  active  than  those  on  most  of  the  cottons  cultivated  in  the 
Southern  States,  but  the  closing  of  the  involucre  and  the  devolopment 
of  the  inside  nectaries  have  been  carried  much  farther  in  the  Old 
World  cottons  l)elonging  to  the  species  GoHHyphim  herhaceuTYi, 
Here  the  external  nectaries  are  quite  wanting,  but  the  internal  ones 
are  enormously  larger  and  heartshaped,  and  secrete  nectar  in  such 
quantities  that  it  often  flows  out  in  the  groove  between  the  adnate 


'» Instances  are  ocoisionaUy  found  wliore  only  two  nectaries  are  developed. 
but  such  deficiencies  are  much  less  freiiuent  than  in  other  varieties  of  the 
Upland  and  Sea  Island  series.  The  Kablnal  cotton  (ommonly  has  only  two 
external  nectaries.  The  Old  World  cottons  thus  far  observed  have  no  nectaries 
hi  this  position. 
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bracts  to  moisten  the  edges  of  the  involucre.  As  yet,  however,  the 
purpose  of  these  adaptations  in  the  Asiatic  cottons  is  entirely 
unknown,  both  the  boll  weevil  and  the  kelep  being  absent  in  the 
Eastern  Hemisphere. 

The  botanical  homology  of  the  inner  nectaries  is  somewhat  different 
from  that  of  the  outer.  They  correspond  in  all  probability  with  the 
nectaries  which  are  found  on  the  calyx  of  some  of  the  species  of 
Hibiscus,  but  there  the  calyx  is  large  and  covers  the  buds  and  each 
sepal  bears  a  nectary  near  its  middle. 

NECTARIES   OF   GUATEMALAN    SEA    ISLAND   COTTON. 

A  variety  of  Kidney  cotton  planted  in  small  quantities  by  the 
Indians  at  Trece  Aguas,  Guatemala,  has  the  outer  nectaries  very 
variable  in  size  and  commonly  quite  wanting."  The  inside  necta- 
ries seem  always  to  be  developed  and  are  unusually  largi%  l)eing  ex- 
ceeded, as  far  as  known,  only  by  those  of  the  Asiatic  varieties.  The 
nectar  secretion  is  also  very  abundant.  No  weevils  were  found  upon 
this  cotton,  nor  any  keleps. 

On  the  other  hand,  the  free-seeded  Sea  Island  cotton  found  bv 
Mr.  Kinsler  in  the  San  Lucas ''  neighborhood,  not  far  from  the 
kelep  cotton  culture  of  Secanquim,  revers(\s  again  the  tendency  of  the 
Kidney  cotton  to  the  great  development  of  the  inner  nectaries  and 
the  suppression  of  the  outer.  The  latter  are,  in  the  San  Lucas  cotton, 
nearly  always  present,  of  rather  large  size,  and  of  a  red  color.  The 
inner  nectaries  are  often  rudimentary  or  quite  absent. 

CONTINUED   SECRETION    OF    NECTAR. 

Our  Upland  varieties  conmionly  secrete  nectar  only  at  the  time  of 
flowering,  but  in  the  Kekchi  cotton  the  liquid  continues  to  exude 
until  the  boll  is  nearly  or  quite  full  gi'own,  thus  securing  the  protec- 

oTbis  variety  not  infreiiiienUy  produees  flowers  with  only  two  bracts,  closely 
nppressed,  like  a  clam  shell.  In  one  such  instance  there  were  two  netftaries  at  the 
base  of  each  bract,  or.  to  he  more  exact,  two  separate  nectjiries  on  one  side  and 
one  partly  divided  nectary  on  the  other,  as  though  the  nectary  belonging?  to  tbi' 
deficient  third  bract  had  separated  into  two  parts  and  Joined  the  other  necta- 
ries. 

6  This  San  Lucas  Sea  Island  cotton  is  probably  the  variety  in  which  the 
weevils  were  found  abundant  in  1902,  when  the  first  intimation  was  gained 
that  the  Kekchi  cotton  had  means  of  protection  against  the  weevil.  The  Sau 
Lucas  cotton  is  attacked  not  only  by  weevils,  but  by  another  long-bodied  in- 
sect larva,  evidently  lepidopterous,  that  gnaws  through  the  boll  at  the  ends, 
Iwth  from  above  and  below,  and  eats  out  the  se(»ds.  Nothing  of  the  sort  has 
l)een  seen  in  the  fields  protected  by  the  keleps.  There  was  also  noticed  in  this 
cotton  an  occasional  abnormality  closely  comparable  to  the  navel  orange. 
Rudimentary  parts  like  a  small  secondary  boll  were  found  in  the  middle  of 
bolls  otherwise  normal.  The  orange  tree  and  the  cotton  plant  belong,  It  may 
be  remembered,  to  related  families. 
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lion  of  the  keleps  for  a  longer  i>eriod.  The  temporary  character  of 
the  secretion  in  our  United  States  sorts  was  reported  by  Professor 
Trelease  several  years  ago. 

In  Guatemala,  however,  the  young  bolls  seem  to  be  quite  as  effi- 
cient as  the  flowers.  It  is  even  possible  that  this  generosity  on  the 
part  of  the  plant  is  excessive,  since  if  the  number  of  keleps  is  small 
they  may  find  all  the  nectar  they  need  on  the  lower  bolls,  and  hence 
have  less  inducement  to  inspect  other  parts  of  the  plant.  Under 
favorable  conditions  in  Texas  the  cotton  plant  produces  a  much 
larger  number  of  flowers  than  in  Guatemala,  so  that  what  is  lacking 
in  quantity  may  be  made  up  by  numbers,  in  case  it  should  become 
possible  to  utilize  the  keleps  in  Texas. 

RACTLET8    SUBTENDINO    INNER    NECTARIES. 

The  Kekchi  cotton  is  distinguished  from  all  our  Upland  and  Sea 
Island  types  by  the  more  regular  presence  and  much  larger  size  of 
a  series  of  bractlets,  a  pair  of  which  usually  subtends  each  of  the 
inner  nectaries.  In  other  varieties  these  are  either  wanting  entirely 
or  are  rare  and  rudimentary."  The  bractlets  are  inserted  somewhat 
obliquely,  with  their  margins  in  contact  below  the  nectary. 

Sometimes  they  serve  to  conduct  nectar  to  the  edge  of  the  involucral 
bracts,  the  nectar  following  along  between  the  slender  bractlets  like 
ink  betw^een  the  nibs  of  a  pen,  as  though  to  coax  the  keleps  inside  the 
involucre.  This  must  happen  rather  infrequently,  however,  to  judge 
from  the  great  irregularity  in  the  size  of  the  bractlets.  Sometimes 
I  they  are  half  an  inch  or  more  long,  and  extend  well  into  the  angles  of 
the  involucre,  or  even  project  outside.     (PL  III.)     Nevertheless,  it 

o  Professor  Trelease,  who  studied  the  American  Upland  varieties,  apiiears  not 
to  have  found  the  bractlets  in  pairs.  He  says:  "These  glands  (the  inner  nec- 
taries) belong  in  reality  to  an  inner  whorl  of  three  bracts,  alternating  with 
the  outer  ones,  but  generally  wanting.  In  stunted  plants,  esi)eclally  as  cold 
weather  comes  on,  one  or  more  of  these  inner  bracts  may  be  found."  (Schj 
Comstock,  1875,  Report  upon  Cotton  Insects,  .324.) 

The  shape  and  position  of  the  bractlets  seem  to  warrant  the  suggestion  that 
they  represent  the  stipules  of  the  outer  !>racts  Instead  of  an  independent  inner 
whorl  of  bract  leaves  which  has  first  become  si)eciallzed  and  then  become  rudi- 
mentary. IThe  suggestion  has  the  further  warrant  in  that  it  may  help  to  explain 
the  numerous  Involucral  appendages  of  some  of  the  related  plants,  which  range 
nlwut  the  numljer  9 — that  is.  H  leaves  and  (y  stipules.  The  normal  numl)er  should 
be  0.  if  the  two  whorls  of  leaves  were  represented.  One  of  the  Guatemalan 
«pe<*ie8  of  Hibiscus  examined  with  this  interpretation  In  mind  seemed  to  con- 
firm it  by  showing  very  often  3  of  the  ai)pendages  broader  than  the  others, 
though  the  total  number  varieil  from  8  to  11.  with  an  irregularity  quite  compar- 
able to  that  of  the  bractlets  of  the  cotton.  Kven  the  bracts  of  the  cotton  some- 
times vary,  involucres  of  2  bracts  being  found  occasionally,  and  in  rare 
instances  4. 
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may  well  be  questioned  whether  these  inner  bractlets  liave  remaine 
unusually  large  in  the  Kekchi  cotton  because  they  have  a  clefinil 
function  or  because  of  the  greater  size  and  activity  of  the  adjaoei 
nectaries. 

A  variety  of  cotton  called  Pachon,  planted  rather  extensively  in  ti 
Retalhuleu  district  of  western  Guatemala,  and  likewise  protected  I 
the  keleps,  is  similar  to  the  Kekchi  cotton  in  many  respects,  includin 
the  possession  of  these  large  stipular  bracts  subtending  the  inn< 
nectaries,  but  with  the  addition  that  the  bracts  are  fringed  with  lor 
hairs,  as  though  to  hold  the  nectar  the  better.  This  may  also  be  tl 
function  of  the  hairs  which  cover  the  nectaries  of  the  Old  Worl 
cottons 

EFFICIENCY   OF  THE   KELEP   PROTECTION. 

The  special  development  of  the  extrafloral  nectaries  in  the  Kekcl 
cotton  has  been  noted  in  former  reports,  it  being  the  nectaries  whic 
attract  the  keleps  to  the  cotton  plant.  That  the  kelep  preys  upon  bo 
weevils  and  protects  the  cotton  crop  was  learned  last  year,  but  it  wj 
still  possible  to  question  the  practical  value  of  this  form  of  defens 
Such  doubts  would  not  have  survived  an  inspection  of  our  recei 
experiments  in  Guatemala.  A  small  field  of  cotton  just  outside  tl 
kelep  area  was  attacked  by  the  weevils  in  such  numbers  that  not 
single  normal  boll  developed  on  any  of  the  United  States  Upland  an 
Sea  Island  varieties.  In  the  field  protected  by  the  keleps  the  weevi 
obtained  no  footing  until  the  plants  were  well  grown  and  an  excellei 
crop  of  full-sized  bolls  had  been  developed. 

To  test  the  efficiency  of  the  keleps  as  destroyers  of  boll  weevils  an 
as  protectors  of  cotton  would  be  possible  in  Texas  only  by  stocking 
large  area  with  keleps — a  difficult  and  expensive  undertaking.  ^ 
small  tract  would  give  a  fair  indication,  since  the  weevils  from  tl 
whole  neighborhood  would  continue  to  come  in,  and,  although  the 
might  soon  be  captured,  would  be  able  to  do  vastly  more  damage  tha 
would  be  possible  if  the  whole  region  were  stocked  with  keleps. 

In  Guatemala,  however,  it  was  quite  possible  to  contrast  a  protecte 
with  an  unprotected  piece  of  cotton  by  the  simple  expedient  of  plani 
ing  outside  the  area  occupied  by  the  keleps.  A  more  striking  resu 
could  hardly  be  imagined.  For  several  weeJcs,  during  whiA  the  tw 
plots  were  under  continuous  observation,  tlie  one  remained  ainioi 
entirely  free  from  weevils  and  weevil  injuries  and  set  an  excellcr 
crop,  while  in  the  other  scarcely  a  flower  opened  or  a  boll  developec 
The  very  few  exceptions  were  on  the  concealed  drooping  branches  o 
the  native  Kekchi  cotton. 

The  weevils  became,  indeed,  too  numerous  for  their  own  prosperit 
and  fed  upon  and  destroyed  the  very  young  buds  before  they  wer 
old  enough  to  breed  larvae.    Twenty-five  fallen  squares  collected  an( 


EFFICIENCY   OF   THE    KELEP   PROTECTION.  35 

examined  from  under  the  plants  of  the  plot  without  keleps  yielded 
only  6  larvae,  or  24  per  cent.  They  even  attacked  the  young  leaf 
buds,  as  observed  last  vear  at  Rabinal. 

A  large  proportion  of  the  injuries  were  caused  by  feeding  punc- 
tures, but  this  only  emphasizes  the  fact  that  the  number  of  weevils 
which  migrated  into  this  plot  was  sufficient  for  a  complete  destruc- 
tion of  the  crop,  and  since  the  other  experiment  protected  l)y  the 
keleps  was  much  nearer  to  the  fiehls  of  the -Indians  there  is  every 
probability  that  the  weevils  would  have  l)een,  if  possible,  even  more 
numerous  if  the  keleps  had  not  been  at  hand  to  catch  them. 

The  unprotected  plot  was  located  at  al>out  one-quarter  of  a  mile 
outside  of  the  belt  of  Indian  cotton  culture,  on  land  not  inhabited  bv 
keleps.     The  weevils  lost  no  time  in  finding  the  new  field.     Infesta- 
tion was  complete,  and  quite  as  destructive  as  in  Texas,  the  weevils 
I  being  so  numerous  as  to  overcome  whatever  resistance  the  cotton 
^niight  have  been  able  to  oppose  to  smaller  numbers  of  the  pests. 
The  Sea  Island,  Eg^'ptian,  and  United  States  ITpland  varieties  were 
not  i>ermitted  to  produce  flowers  or  even  full-sized  buds,  and  even 
I  the  native  Guatemalan  varieties  shed  their  squares  before  the  per- 
I  sistent  onslaughts  of  the  weevils. 

I  Cotton  is  regularly  cultivated  by  the  Indians  in  this  immediate 
I  neighborhood,  and  Indian  plantings  more  or  less  infested  with 
weevils  were  to  be  found  within  short  distances  of  the  protected  field, 
t  Nevertheless,  the  keleps  proved  to  1k»  sufficiently  abundant  on  this 
piece  of  ground  to  completely  exclude  the  weevils.  There  were 
(enough,  indeed,  to  protect  with  apparent  impartiality  all  the  kinds 
|Of  cotton  included  in  the  experiment,  but  if  the  numbei-s  had  l)een 
(less  and  the  plants  had  been  closer  together,  as  in  the  Indian  fields, 
I  we  may  be  sure  that  those  producing  the  most  nectar  would  have 
I  received  the  most  protection  from  the  keleps. 

I  The  weevils  were  seldom  to  be  found  in  the  plot  stocked  with 
keleps  as  long  as  the  Indian  cotton  remained  in  vigorous  growing 
I  condition,  but  about  the  time  the  Indian  cotton  ripened,  the  weevils 
.seemed  to  make  a  more  determined  raid  on  our  field,  and  along  one 
side  nearly  every  plant  suffered  somewhat,  though  the  weevils 
could  rarely  be  found  except  in  the  opc^n  flowers,  which  seem 
to  be  recognized  as  their  only  safe  roosting  places.  In  a  w^ek  or 
ten  days  there  was  a  distinct  falling  off,  so  that  very  little  damage 
was  being  done,  and  there  was  another  short  interval  of  practically 
complete  protection.  But  after  this  a  renewed  onslaught  began  and 
the  numbers  of  weevils  gradually  increased,  the  Upland  and  Sea 
Island  plants  continuing  to  produce  thousands  of  new  squares  in 
which  the  weevils  were  able  to  breed,  quite  as  in  the  United  States. 

That  the  keleps  are  definitely  attracted  to  the  cotton  plants,  as 
stated  in  previous  reports,  is  fully  demonstrated  by  the  fact  that 
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many  of  the  colonies  moved  their  nests  to  new  burrows  excavated 
immediately  at  the  bases  of  the  cotton  plants.  In  some  parts  of  the 
field  the  proportion  of  cotton  plants  having  kelep  nests  e.stablished 
about  their  roots  reached  nearly  75  per  cent,  whereas  the  chance 
that  the  positions  of  the  cotton  plants  which  stood  in  regular  rows 
would  coincide  with  those  of  kelep  nests  would  not  be  one  in  hun- 
dreds. 

The  success  of  this  experiment  would  seem  to  justify  fully  the 
suggestions  made  in  connection  with  the  first  announcement  of  the 
discovery  of  weevil -resisting  adaptations  of  the  cotton  plant,  namely, 
that  the  protection  which  these  Central  American  varieties  had 
been  able  to  secure  from  the  kelep  had  afforded  them  an  opportunity, 
perhaps  unique,  of  developing  other  resisting  adaptations.  The 
Kekchi  and  other  related  cottons,  though  having  no  monopoly  of 
weevil -resisting  characters,  furnish,  however,  the  only  instance  as 
yet  known  to  scientific  observation  in  which  a  field  culture  of  cotton 
has  been  maintained  for  long  periods  of  time  under  climatic  condi- 
tions favorable  to  the  boll  weevil. 

In  Central  America,  at  least,  the  secretion  of  nectar  bv  the  cotton 
is  not  a  useless  or  meaningless  function,  as  observers  of  the  plant  in 
other  parts  of  the  world  have  sometimes  supposed.  The  cotton  is 
not  the  only  plant  upon  which  the  kelep  can  live,  nor  the  boll  weevil 
the  only  insect  upon  which  it  preys.  To  secure  the  attention  and 
obvious  preference  of  the  kelep  the  cotton  has  been  obliged  to  put 
forth  the  superior  attractions  provided  by  it«  numerous  extra  floral 
nectaries. 

This  additional  proof  of  the  value  and  efficiency  of  the  kelep  does 
not  affect,  of  course,  the  possil)ility  of  acclimatizing  it  in  the  United 
States.  A  more  extended  search  in  Ciruatemaia  resulted  in  finding  the 
insects  under  a  wide  range  of  conditions,  and  at  altitudes  of  from  *200 
to  2,000  feet.  It  lives  and  thrives,  moreover,  in  soils  very  much  drier 
than  those  to  which  it  was  supposed  last  year  to  be  confined.  Last 
year's  experiments  in  Texas  indicated  likewise  that  the  kelep  with- 
stands drought  much  better  than  it  does  standing  water  in  its  burrows, 
and  care  is  beiiig  taken  this  season  to  locate  colonies  with  a  view  to 
adequate  drainage. 

OTHER    iNECTAft-B EARING    PLANTS    VISITED   BY    THE   KELEP8. 

The  honey-collecting  habits  of  the  keleps  are  not  confined  to  the 
cotton.  Another  favorite  is  a  si)ecies  of  Bidens  {B,  pilom)  called  by 
the  Indians  "  tshubai,"  which  has  cimsiderable  value  as  a  forage 
plant,  being  of  quick  growth  and  succulent  texture. 

The  preference  of  the  kelep  for  the  tshubai  as  a  second  choice  after 
cotton  was  noted  last  year,  but  no  explanation  was  found,  though 
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the  plant  was  siMirched  foi  nectaries.  It  was  noticed  by  Mr.  Kinslei* 
that  the  keleps  seemed  to  l)e  giving  especial  attention  to  the  midrib 
near  its  junction  with  the  veins  of  the  h)wer  divisions  of  the  leaf. 
Our  lenses  then  revealed  the  fact  that  there  are  two  minute  raistnl 
wings  or  margins  running  along  the  upper  side  of  the  midrib  and 
petiole,  forming  two  narrow  gi'ooves  in  which  the  nectar  is  evidently 
"^ec-reted.  The  giHK)ves  are  also  protected  by  a  row  of  fine  hairs  which 
proj<H*t  across  them  from  the  rais<»d  margin.  The  behavior  of  the 
kelep  thus  receives  a  practical  explanation,  and  the  tshubai  finds  a 
ivgidar  place  next  to  the  cotton  among  the  plants  protected  by  the 
kelep.  The  nectar-s4»creting  habit  of  the  tshubai  may  also  explain 
its  being  eaten  so  readily  by  stock,  and  may  help  to  give  it  standing 
as  a  forage  plant,  in  spite  of  its  weedy  and  unpopular  relatives. 

A  s(H*ond  member  of  the  composite  family  often  visited  by  the 
keleps  is  the  *'  sajal,"  a  species  of  Melanthera  (probably  M.  deltoid e<i)^ 
which  also  has  local  value  as  a  forage  ]>hint,  being  eaten  greedily 
by  horses  and  mules,  even  in  preference  to  grass.  No  nectari(»s  have 
been  found  on  this,  A  third  composite,  not  yet  identified,  produces 
nectar  in  small  depressions  at  the  base  of  the  leaf  o\\  the  under  side. 

THE  INVOLUCRE  AS  A  PROTECTIVE  STBUCTUBE. 

Cotton  is  the  imly  plant  known  to  l)e  attacked  by  the  boll  weevil, 
and  it  is  also  unique  among  its  relatives  in  the  i)ossession  of  a  large 
leafv  involucre.  This  mav  be  a  mere  coincidence,  or  it  mav  be  that 
the  weevil  has  had  a  considerable  influence  in  the  development  of  the 
involucre,  dej^ending  upon  the  antiquity  of  the  contact  between  the 
insect  and  its  host  plant.  The  involucre  has,  it  is  true,  functions 
other  than  the  exclusion  of  the  weevils,  since  it  takes  the  place  of  the 
calyx  in  protecting  the  young  bud,  but  the  reduction  of  the  calyx 
probably  followed  the  enlargement  of  the  bracts,  instead  of  preceding 
it.  But  however  originated,  the  large  bracts  have;  at  the  present 
time,  a  definite  value  in  the  problem  of  weevil  resistance.  There  are 
several  specialized  characters  which  appear  as  though  definitely  cal- 
culated to  increase  the  efficiency  of  the  involucre  in  excluding  the 
weevils  from  the  young  buds. 

INVOLICKAL    BRACTS    OROWX    TCMiETlIKR. 

Both  the  Kekchi  and  Ilabinal  cottons  frequently  have  the  involucre 
closed  at  the  base,  the  three  bracts  l)eing  grown  together,  thus  nuiking 
it  impossible  for  the  weevils  to  enter  from  below.  In  the  Sea  Island 
and  Egj^ptian  varieties,  as  well  as  in  sonv»  of  the  Upland  sorts,  the 
bracts  are  not  merely  divided  to  the  base,  but  they  often  have  the 
lower  corners  rolled  back,  thus  leaving  an  open  i)assage  for  the 
weevils.     The  Rabinal  cotton  much  excels  all  the  other  varieties  thus 
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far  studied  in  the  extent  to  which  the  bracts  are  grown  together  at 
the  base.  Sometimes  they  are  united  for  a  quarter  or  even  a  third 
of  their  length.     (PL  IV,  fig.  1,  and  PL  X,  fig.  1.) 

APPREftSED  MARGINS  OF  BRACTS. 

In  both  of  these  Guatemalan  varieties  the  uiargins  of  the  bracts  of 
young  involucres  are  firmly  and  closely  appressed,  in  striking  con- 
trast with  the  Sea  Island  and  Egyptian  varieties,  where  the  bud  is 
commonly  exposed  even  when  very  young.  This  form  of  protection 
is  effective  while  it  lasts,  but  in  the  Rabinal  cotton  the  involucre  is 
too  small,  and  the  growth  of  the  young  bud  soon  separates  the  bracts 
and  permits  the  entrance  of  the  weevil.  The  United  States  Upland 
varieties  are  intermediate  between  the  Sea  Island  and  the  Kekchi  cot- 
tons in  the  degree  to  which  the  involucres  are  closed  and  the  margins 
fitted  together.  A  large  proportion  of  the  Upland  involucres  give 
ready  access  to  the  weevils,  while  most  of  those  of  the  Kekchi  cotton 
remain  effectively  closed  for  a  longer  i)eriod,  as  will  Ix*  understood 
after  a  survey  of  the  other  involucral  characters  which  conduce  to 
the  same  result. 

In  one  respect  the  firmly  closed  involucres  of  the  Rabinal  cotton 
seemed  almost  like  an  advantage  to  the  weevil  rather  than  the  con- 
trary, for  the  insect  is  not  admitted  to  the  bud  until  it  is  about  large 
enough  to  furnish  a  place  of  development  for  a  larva.  The  plant 
having  taken  control,  as  it  were,  of  this  relation,  the  weevils  have  not 
needed  to  possess  an  instinct  against  the  destruction  of  young  buds. 
Those  of  the  open  involucred  Sea  Island  varieties  often  were  attacked 
while  still  altogether  too  small  to  bring  a  larva  to  maturity.  The 
advantage  of  the  closed  involucres  lies,  no  doubt,  in  the  fact  that  they 
shorten  the  period  of  access  and  alloW'  some  of  the  buds  to  escape 
which  would  be  punctured  either  for  feeding  or  for  efrg  laying  if  the 
w^eevil  has  a  longer  opportunity.     (PL  IV.) 

The  Rabinal  cotton  culture  is  that  in  which  the  plants  are  cut 
back  yearly  to  the  ground.  During  the  next  month,  or  until  the  buds 
l)egiu  to  develop  on  the  new  shoots,  the  weevils  have  no  breeding 
places  and  nothing  to  feed  upon  except  the  leaves  and  leaf  buds.  In 
patches  where  the  weevils  are  abundant  the  leaf  buds  are  eaten  out 
so  persistently  as  to  seriously  interfere  wnth  the  growth  of  the  plants, 
and  the  very  young  flower  buds  w^ere  also  reached  in  some  instance's 
by  boring  through  the  involucres.  AVhen  attacked  at  this  stage  the 
buds  wither  and  drop  off.  They  serve  the  weevils  only  for  feeding 
purposes,  and  their  use  in  this  way  only  postpones  the  time  when 
breeding  can  be  resumed. 

The  cotfon  at  Rabinal  was  often  overrun  by  two  species  of  small 
black  ants,  identified  by  Dr.  W.  II.  Ashmead  as  belonging  to  the 
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genera  Solenopsis  and  Tapinoma.*  There  was  no  indication,  how- 
ever^ that  these  afforded  any  protection  against  the  weevils,  although 
they  might,  perhaps,  act  as  watchmen  and  scare  weevils  away  when 
they  happened  to  be  present  on  buds  or  bolls  where  weevils  had 
alighted,  like  other  small  ants  which  have  been  reported  as  attacking 
the  boll  weevil.  The  keleps  belong  in  an  entirely  distinct  category 
in  l>eing  able  to  sting  and  carry  off  the  weevils  and  make  regular  use 
of  them  as  food.  Instead  of  being  of  service  to  the  cotton  these 
small  ants  at  Rabinal  were  a  distinct  injury;  the  Solenopsis  was 
taking  care  of  plant  lice,^  which  often  infested  the  cotton  to  a 
decidedly  harmful  extent.  It  continues  and  supplements  the  work 
of  the  boll  weevils  in  stunting  and  distorting  the  plants.  When  the 
apliids  are  very  numerous,  the  leaves  are  badly  curled  and  growth  is 
greatly  impeded. 

LARGE   INVOLUCRES   OF   KEKCHI   COTTON. 

The  Kekchi  cotton  has  the  bracts  of  the  involucre  much  larger  in 
proportion  to  the  contained  bud  than  the  Rabinal  cotton  or  than  any 
of  our  Upland  varieties.  The  possession  of  larger  bracts  constitutes 
a  distinct  weevil-resisting  adaptation,  since  it  permits  the  involucre 
to  be  more  effectively  closed  and  the  protection  to  be  continued  for  a 
longer  time.  Sooner  or  later,  of  course,  the  bracts  must  be  separated 
by  the  growing  bud.  The  larger  the  bracts  the  longer  the  bud  can 
continue  to  grow  before  spreading  the  bracts  apart.     (PL  IX,  fig.  1.) 

Prof.  H.  Pittier,  who  had  charge  of  the  Secanquim  experiment  in 
the  latter  part  of  the  season,  was  especially  impressed  with  the  pro- 
tective utility  of  the  larger  bracts  of  the  Kekchi  cotton,  as  shown  by 
the  following  summary  of  his  observations: 

The  large  size  of  the  bracts  in  proportion  to  the  floral  bud  Is  a  very  important 
protei'tive  feature.  In  the  Kekchi  cotton  the  amplitude  of  these  bracts  is  such 
as  to  completely  Inclose  the  bud  at  all  times  before  the  unthesis,  and  even  in 
cases  when  they  hapr)en  to  be  slightly  separatetl  the  occlusion  is  maintained  by 
the  long  hairs  which  fringe  them  on  all  sides.  The  length  of  these  hairs  con- 
stitutes a  serious  obstacle  to  the  progress  of  the  weevils,  whose  tarsi  can  not 
obtain  a  firm  hold  on  the  solid  surface.  I  have  seen  them  drop  to  the  ground 
after  many  awkward  attempts  to  gain  access  to  the  squares,  while  on  the  other 
hand  the  keleps  did  not  seem  to  be  impeded  at  all  by  the  bristles. 


«  The  material  was  not  sufficient  for  a  conclusive  determination  of  the  species. 
Doctor  Ashmead  says :  "  You  have  two  distinct  si)e<^'ies  of  ants  here.  One,  No. 
1,  t»elongs  to  the  family  Alyrmicidie  and  is  apparently  the  worker  of  »Sfo/cwop«t« 
picea  Emery ;  the  other.  No.  2.  belongs  to  the  family  Dolichoderidie  and  is 
apparently  the  worker  of  Tapinoma  ramulorum  Emery.  1  am  sorry  you  did 
not  have  the  different  sexes,  so  that  I  could  make  positive  of  the  species.  In 
Soleno{)sis.  as  you  probably  know,  there  are  four  or  five  different  forms,  and  it 
is  not  easy  to  identify  from  a  single  form." 

6Thew»  have  l)een  identifltHl  by  Mr.  Theodore  Pergande  as  Aphis  gosaypii,  a 
species  well  known  in  the  United  States. 
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To  show  the  increased  size  of  the  bracts  In  tlie  Kekchi  cH)tton,  I  have  carefully 
measured  over  250  squares  of  five  of  tlie  most  promising  varieties  of  tlie  I'pland 
species.  The  dimensions  talcen  were  the  length  of  the  floral  bud,  and  the  length 
and  breadth  of  the  bracts.  The  table,  in  which  these  data  are  condensetl  in  a 
comprehensive  form,  shows  a  decided  advantage  in  favor  of  the  Kekchi  cotton. 

Table  I. — Dimensions  of  floral  buds  and  bracts  of  several  varieties  of  cotton 
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The  advantage  is  particularly  notable  with  respect  to  the  greater 
width  of  the  bracts,  which  enables  them  to  remain  much  more  effect- 
ively closed  at  the  angles.  In  the  Parker,  King,  and  Allen  varieties 
the  bracts  very  seldom  attain  a  width  of  30  mm.,  while  in  the  Kekchi 
cotton  the  average  width  for  all  except  the  smallest  buds  is  above 
30  mm. 

OPENING,  OR  FLARING,  OF  BRACTS  AVOIDED. 

The  unusually  large  and  well-closed  bracts  of  the  Kekchi  cotton 
have  another  practical  use  in  keeping  the  bud  from  drying  out,  as 
explained  in  the  discussion  of  proliferation. 

The  external  indication  of  this  difference  is  that  in  the  Kekchi 
cotton  punctured  s(|uares  commonly  do  not  open,  or  flare,  by  the 
spreading  apart  of  the  involucral  bracts,  while  among  the  Upland 
and  Sea  Island  varieties  flaring  is  the  regular  rule.  Quite  a  per- 
centage of  the  squares  of  Abbasi,  Parker,  King,  and  other  varieties 
stand  well  open  normally  before  any  injury  has  occurred,  but  the 
Kekchi  cotton  seldom  or  never  exposes  its  squares  before  flowering. 
The  larger  and  broader  involucre  is  also  able  to  permit  the  protrusion 
of  the  flower  without  losing  the  power  of  closing  and  remaining 
shut  for  a  considerable  period  after  flowering,  while  the  Parker  and 
King  varieties  often  remain  quite  open,  so  that  the  young  boll  is 
fully  exposed  to  the  weevils. 
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An  example  of  the  promptness  with  which  weevil  injuries  cause 
the  involucres  of  our  Upland  cotton  to  open  is  well  shown  in  a  liote 
by  Mr.  McLachlan : 

On  August  8,  at  2  p.  m.,  a  sniaU  cage  was  placed  over  a  sniaH  plant  of  Parker 
cotton,  and  5  female  and  2  male  weevils  were  intrtxluced.  The  plant  iKxsae8se<l 
36  squares,  4  flowers,  and  9  bolls.  The  morning  after  the  weevils  were  jnit 
Into  the  cage  several  of  the  squares  had  flared  and  one  had  fallen.  It  would 
seem  that  the  mechanical  forces  of  the  square  are  quickly  affected  by  the  work 
of  the  weevils.  Here,  of  course,  the  punctures  were  numerous,  liecause  of  the 
many  weevils  on  the  plant.  Some  of  the  squares  were  riddled  with  feeding 
and  egg  punctures. 

The  buds  of  Kekchi  cotton  often  recover  from  three  or  four  punc- 
tures, though  they  might  not  do  so  if  these  were  all  made  at  the  same 
time.  But  it  often  happens  that  s(]uares  with  numerous  feeding 
punctures  remain  closed  and  wither  up  without  flaring. 

HAIRY  MARGINS  OF  INVOLUCRAL  BRACTS. 

In  addition  to  their  larger  size,  the  bracts  of  the  Kekchi  cotton  have 
the  marginal  teeth  or  lacinia*  more  numerous  and  more  hairy  than 
those  of  our  Upland  varieties  and  able  to  afford  more  of  an  impedi- 
I  ment  to  the  entrance  of  the  weevils.  The  difference  was  very  pro- 
nounced in  our  experimental  plot,  where  King,  Parker,  and  other 
familiar  American  sorts  were  planted  Ix^side  the  Kekchi.  It  is  as 
superior  in  this  respect  to  the  other  Upland  varietie^s  as  they  are  to 
the  Sea  Island, 

The  Kekchi  and  Rabinal  varieties,  though  both  belonging  to  the 
Upland  series  and  having  many  similarities,  have  also  very  distinct 
differences,  as,  for  example,  in  the  present  character.  The  small, 
firmly  appressed  bracts  of  the  Rabinal  cotton  have  the  marginal 
lacinia*  few  and  small;  sometimes  the  edges  are  nearly  entire,  or 
merely  toothed.  The  hairy  covering  is  also  reduced  to  a  fine,  short 
coat,  which  can  afford  little  or  no  impediment  to  the  weevils. 

EXTENT   OF    PROTECTION    BY    INVOLIICRE. 

That  the  closed  invohuTcs  do  indeed  contribute  to  the  protection  of 
the  young  buds  from  the  weevils  became  very  obvious  in  one  of  our 
experimental  plots  at  Secanquim,  located  about  a  cpiarter  of  a  mile 
outside  the  belt  of  Indian  cultivaticm  of  cottcm.  There  IxMug  no 
keleps  to  afford  protection,  the  cotton  soon  l)ecanie  thickly  infested 
with  weevils,  and  very  few  bolls  were  allowed  to  develop  on  any  of 
the  plants.  There  was  a  notable  difference,  however,  in  the  age  at 
which  the  buds  were  punctured.  As  already  stated,  the  edges  of  the 
bracts  of  some  of  the  Sea  Island  and  Egyptian  varieties  separate  at 
a  much  earlier  period  than  those  of  the  Upland  varieties,  and  the 
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weevils  commonly  attack  them  in  their  very  early  stages,  and  even 
while  they  are  altogether  too  small  to  permit  the  development  of  a 
weevil  larva.  It  has  been  pointed  out  already  by  Messrs.  Hunter 
and  Hinds  that  the  smooth  stems  and  petioles  of  the  Sea  Island  and 
Egyptian  cottons  render  them  much  more  readily  susceptible  to 
injury  by  the  boll  weevil  than  are  the  Upland  types,  and  if  we  add 
to  this  the  disadvantage  arising  from  the  later  development  and  the 
more  open  involucres  the  possibility  of  protecting  the  long-staple 
cottons  against  the  weevils  seems  small  indeed. 

Instead  of  being  immune  to  the  boll  weevil,  as  at  one  time  hoped, 
the  Egyptian  and  Sea  Island  varieties  seem  to  be  most  lacking  in 
w^eevil-resisting  adaptations,  as  might,  indeed,  have  been  expected  in 
view  of  the  fact  that  they  have  been  developed  in  regions  to  which  the 
weevil  has  not  yet  penetrated.  The  Kidney  cottons,  which  maj^  be 
looked  upon  as  representing  the  Sea  Island  type  on  the  mainland  of 
the  American  continents,  have,  as  will  be  seen  later,  a  peculiar 
feature  of  protective  value. 

ADVANTAGE  OF  OPEN  INVOLUCRES. 

It  will  be  apparent  from  the  facts  already  recited  that  the  partly 
closed  involucres  of  the  Sea  Island  and  Upland  varieties  now  culti- 
vated in  the  United  States  serve  little  or  no  purpose  in  resisting  the 
boll  weevil.  On  the  contrary,  they  often  appear  to  be  an  advantage 
to  the  insect,  serving,  as  they  do,  to  hide  the  parasite  from  its  enemies 
and  protect  it  against  the  application  of  insecticides  or  capture  by 
insectivorous  birds.® 

The  great  variation  in  the  size  and  shape  of  the  involucre  in  the 
different  varieties  of  cotton  suggests  the  practicability  of  securing 
sorts  with  open  involucres  or  with  these  structures  reduced  to  small 
dimensions.  If  the  weevils  were  to  be  caught  by  insectivorous  birds, 
like  the  Cuban  oriole,  whose  weevil-eating  habits  have  been  discovered 
by  Mr.  E.  A.  Schwarz,  open  involucres  would  be  a  distinct  advantage. 
It  might  then  be  possible  also  to  apply  Paris  green  or  other  insecti- 
cides to  young  buds  which  are,  except  in  the  early  spring,  the 
exclusive  feeding  places  of  the  weevils. 

The  practicability  of  an  open  involucre  will  need,  however,  to  be 
considered  from  another  standpoint.  It  must  be  ascertained  whether 
the  young  buds  will  bear  full  exposure.  Unlike  most  of  the  related 
plants,  the  cotton  bud  is  not  protected  by  a  calyx.  The  involucre  may 
he  necessary  as  a  substitute,  especially  in  dry  climates.     In  humid 

a  Dr.  H.  J.  Webber  states  that  the  desirability  of  oi)en  invohiorea  has  been 
appreciated  and  that  selections  of  l^pland  varieties  with  a  view  to  the  develop- 
ment of  this  character  have  been  made. 
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regions,  however,  this  requirement  nii^ht  be  relaxed,  and  it  is  in  such 
places  that  the  injuries  of  the  weevils  are  the  greatest." 

BEHAVIOR  OF  PABASITIZEB  BUDS. 

SHEDDING   OF   WEEVIL- INFESTED    SQUARES. 

In  a  drv'  climate,  like  that  of  the  Mexican  plateau  region,  the  drop- 
ping of  the  squares  in  which  the  weevils  have  deposited  eggs  would 
constitute  a  very  effective  adaptation.  The  weevil  larva?  do  not  sur- 
vive a  thorough  drying  out  of  the  squares.  It  is  only  in  the  arid 
districts  of  Mexico  that  the  cotton  plant  has  shown  its  ability  to 
escape  from  cultivation  and  maintain  itself  without  human  assistance, 
if  indeed  it  be  not  in  some  places  a  truly  indigenous  wild  plant,  as 
several  botanists  have  reported.  But  in  a  moist  region  like  the  cotton 
belt  of  eastern  Texas  this  habit  of  the  plant  has  no  practical  use, 
since  as  many  of  the  weevils  die  when  the  injured  squares  remain 
attached  to  the  plant  as  when  they  fall  to  the  ground. 

"  It  is  generaUy  true  that  squares  seriously  injured  by  the  weevil  sooner  or 
later  fall  to  the  ground.  Some  plants,  however,  shed  the  injured  s(iuares  more 
readily  than  do  others.  It  seems  to  be  a  matter  of  individual  variation' rather 
than  a  varietal  character.  Thus  occasional  plants  retain  a  large  proportion  of 
their  infested  squares,  which  hang  l)y  the  very  tip  of  the  base  of  the  stem. 
Normally  the  squares  are  shed  because  of  the  formation  of  an  absciss  layer 
of  corky  tissue  across  their  junction  with  the  stem.  In  the  case  of  the  squares 
which  remain  hanging,  the  formation  of  this  layer  seems  to  be  incomplete,  or 
else  it  becomes  formed  in  an  unusual  plane,  so  that  while  the  square  is  effectu- 
ally cut  off,  it  merely  falls  over  and  hangs  by  a  bit  of  bark  at  its  tip.  In  this 
IKwition  it  dries  thoroughly  and  becomes  of  a  dark  brown  color.  Plants 
Hhowing  f)  or  8  of  these  dried  brown  sciuares  are  quite  conmion  in  Infested 
fields.  Although  exposed  to  complete  drying  and  the  direct  rays  of  the  sun, 
the  larvie  within  are  not  all  destroyed.     ♦     ♦     * 

"  It  seems  a  conservative  estimate,  therefore,  to  say  that  fully  one-third  of 
these  exposed  dried  squares  may  be  exi)ected  to  produce  adults.  Considering 
the  exix)sed  condition  of  such  squares  this  seems  to  be  a  very  high  i)ercent- 
age.     ♦     *     •    The  observations  made,  however,  certainly  show  that  a  complete 


•After  the  above  had  been  written  it  was  observed  that  the  Pachon  cotton 
from  western  Guatemala,  grown  in  an  exi)eri mental  plot  at  Lanham,  Md.,  has 
the  pe<ailiar  feature  of  a  large  calyx,  which  completely  covers  the  young  bud 
and  extends  above  it  into  long,  slender,  hairy  tips.  It  may  be  that  this  is  to  be 
looked  upon  as  still  another  weevil-resisting  adaptation.  The  weevils  would  be 
able,  undoubtedly,  to  bore  through  the  calyx,  but  the  hairy  tips  might  hinder 
their  access  to  the  bud.  The  bracts  are  much  smaller  and  much  more  open 
than  in  the  Kekchi  and  Rabinal  varieties,  but  the  lacinife,  or  teeth,  akmg  their 
margins  are  rather  stiff  and  are  clothed  with  numerous  hairs,  stronger  and 
more  hristlelike  thah  in  the  Kekchi  and  Rabinal  varieties,  and  able  to  keep  the 
lacinicB  from  closing  together.  It  may  be  that  the  greater  rigidity  of  the  lacinirc 
and  the  bristles  gives  better  protection  than  the  oi)en  position  of  the  bracts 
would  Indicate.  The  case  is  in  reality  quite  different  from  that  of  the  Sea 
Uland  varieties,  where  the  bracts  are  both  naked  and  open. 
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<lry!nK  <>f  the  «(iuare  doen  not  iieceKsarilj-  destroy  tlie  hirva,  and  tbat  a  8quar< 
may  undergo  far  more  exi)08ure  to  dlre<*t  sunsliine  than  had  l>een  supix)s« 
IH>8KibIe  without  causing  the  death  of  the  larva  or  pupa  within."  « 

It  is  to  be  remembered,  however,  that  such  disconnected  squares  an 
thoroughly  dampened  every  night  by  the .  dew,  and  that  a  smal 
amount  of  moisture  may  pass  out  from  the  plant  through  the  shrec 
of  dead  tissue.  In  either  case  the  hanging  boll  might  get  more  moist 
ure  and  less  heat  than  if  lying  on  the  dry  ground,  exposed  to  ful 
sunlight.     Suspended  bolls  are  exposed  to  air  temperatures  only. 

If  no  other  means  of  avoiding  the  weevil  becomes  practicable  s 
great  extension  of  the  cotton  production  into  the  semiarid  districts  oi 
western  Texas,  Oklalumia,  and  even  Kansas  is  to  be  expected.  Tlw 
long  days  of  the  more  northern  districts  will  conduce  to  the  shorten 
ing  of  the  growing  season,  and  if  dry  weather  cuts  down  the  yield  th( 
loss  is  likely  to  he  neutralized  by  more  or  less  complete  protection 
against  the  weevils. 

These  contradictory  effects  of  the  same  adaptation  depending  upon 
climatic  condition  may  render. necessary  a  complete  differentiation  ol 
the  cotton  varieties  of  wet  and  dry  regions. 

It  is  not  improbable  that  the  Upland  varieties  previously  known  in 
the  United  States  came  originally  from  the  more  or  less  arid  regions 
of  Mexico,  where  absence  or  very  small  development  of  the  basal 
branches  keeps  the  ground  from  being  constantly  shaded  and  gives 
better  chances  for  the  weevils  to  be  killed  by  the  drying  out  of  the 
fallen  squares. 

Our  Upland  cottons  are  undoubtedly  of  American  origin,  but  the 
region  from  which  they  came  has  not  l)een  ascertained.  Some  of  the 
Texas  varieties  are  said  to  have  been  brought  from  Mexico.  Coro- 
nado's  Journal  of  the  earliest  Spanish  exploration  in  Arizona  and 
New  Mexico  contains  manv  references  to  the  cultivation  of  cotton  bv 
the  Indians.  There  can  be  little  doubt  that  the  agricultural  Indians 
of  the  Gulf  region  also  cultivated  cotton,  though  no  documentary 
evidence  of  the  fact  seems  to  have  come  to  light  as  yet. 

It  is  highly  probable  that  the  original  home  of  the  cotton  plant,  and 
of  the  boll  weevil  as  well,  was  in  a  somewhat  arid  region,  sine**  it  is 
only  under  such  conditions  that  the  weevil  would  be  effectually  piv- 
vented  from  increasing  to  the  fatal  degree  of  destroying  its  host 
plant,  and  thus  cutting  off  its  only  means  of  subsistence.  On  the 
other  hand,  it  was  onlv  in  a  humid  countrv  like  eastern  (luatemala 
that  many  of  these  weevil-resisting  adaptations  would  be  likely  to 
develop  if,  as  now  appears,  it  has  required  the  selective  influence  of 
the  boll  weevil  itself  to  bring  them  to  their  present  advanced  develop- 
ment. 

*i  ■  I      -    ■  ■■   1 1  -         ■    I  ■■  -  .  I  ■■■■<■■■  ■■  ■  ■»     ■  I  -        ^ 

a  Hnnter.  W.  D.,  and  Hinds.  W.  E.,  1!K)4.  The  Mexican  Cotton  Boll  Weevil. 
Bui.  45,  Division  of  Entomology,  I^.  S.  Department  of  Agriculture,  pp.  73  and  74. 
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The  adaptive  character  of  this  habit  of  shedding  the  parasitized 
squares  seems  to  be  confinned  by  the  fact  that  it  depends  upon  the 
existence  of  a  special  layer  of  soft  cells  which  readily  break  down 
when  the  bud  is  injured.  Many  plants  have  such  cells  as  a  means  of 
diedding  their  fruits,  but  they  seem  not  to  be  prevalent  among  the 
relatives  of  the  cotton.  The  cotton  itself  does  not  drop  the  ripe  bolls, 
and  even  the  empty  shell  often  remains  long  after  the  seeds  are  gone. 

The  drier  the  climate  the  more  effective  is  the  prompt  shedding  of 
injured  squares.  Whether  there  are  other  adaptations  thus  especially 
Miited  to  dry  climates  is  not  yet  known,  our  studies  having  been  con- 
fined mostly  to  humid  regions. 

Dr.  Kdward  Palmer,  who  has  spent  many  years  in  botanical  ex- 
plorations of  the  dry  plateau  region  of  Mexico  and  who  discovered 
that  the  l)oll  weevil  was  a  cotton  pest,  states  that  in  several  IcK^alities 
when*  the  cotton  was  formerly  grown  without  difficiUty  the  introduc- 
tion of  irrigation  improvements  has  proved  disastrous.  With  the 
assistance  of  the  moist  soil  the  weevils  are  now  able  to  reach  maturitv 
in  large  mmibers  and  complete  the  devastation  of  the  crop,  quite  as 
in  Texas.  The  irrigated  soil  affords  a  situation  favorable  for  the 
development  of  the  larva's  in  the  fallen  squares. 

This  is  said  to  have  been  the  case  about  Parras,  and  at  Rio  Verde, 
Ixilow  San  Luis  Potosi.  The  culture  of  cotton  has  declined  also  in 
the  ""^Huasteca  Potosina,"  the  tropical  district  between  San  Luis  and 
Tampico,  and  on  the  Pacific  side  of  Mexico,  along  the  Santiago  River 
above  San  Bias,  as  well  as  about  Tepic.  Doctor  Palmer  saw  cotton 
growing  in  a  wild  condition  in  the  fences  at  the  old  mission,  San  Jose 
de  Guaymas,  6  miles  from  the  commercial  port;  again  at  Mulege, 
Low^er  California,  across  the  Gulf  from  Ouaymas,  the  latter  a  much- 
branched,  prolific  tree,  producing  a  nankeen-colored  lint.  About 
(luavmas  cotton  was  formerly  utilized  bv  the  Indians  as  tinder,  after 
being  dipped  in  a  solution  of  saltpeter.  The  same  facts  were  observed 
by  Dr.  L.  O.  Howard  in  1809  at  San  Jose  de  Guaymas. 

C'OUNyiNOS   OF   FLAKED   AND   FALLEN    SQUARES. 

An  attempt  was  made  in  connection  with  our  (hiatemalan  experi- 
ment to  secure  dat^i  on  which  a  definite  statement  might  be  based 
regarding  the  extent  to  which  the  different  varieties  were  protected 
by  their  involucral  characters,  but  the  problems  are  too  complex  to 
be  reached  except  by  more  elaborate  statistical  studies  than  were  prac- 
ticable at  that  time. 

Countings  were  made,  for  example,  of  the  flared  and  fallen 
squares — that  is,  of  those  which  it  might  be  supposed  that  the  weevils 
have  injured — and  of  the  numl)er  of  weevil  larvie,  proliferations,  etc., 
found  inside  them.     The  results  in  percentages  do  not  agree,  however. 
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with  the  facts  obvious  in  the  fields;  indeed,  they  greatly  misrepre- 
sent them.  Thus  the  percentage  of  weevil  injuries  in  flared  and 
fallen  squares  does  not  appear  very  much  higher  in  the  Kekchi  cotton 
than  in  the  Sea  Island  and  Upland  varieties;  yet  as  a  matter  of 
fact  the  squares  of  the  Kekchi  cotton  seldom  flared  for  any  other 
reason  than  weevil  injuries,  and  much  less  often  for  this  cause  than 
did  those  of  other  varieties.  Many  small  squares  of  the  Kekchi  cot- 
ton fall  off,  however,  before  they  are  large  enough  or  open  enough 
to  be  attacked  by  the  weevils.®  This  takes  place  in  the  other  varie- 
ties to  a  much  smaller  extent,  but  with  them  the  apparent  perceiitiige 
of  weevil  injuries  among  flared  squares  is  much  diminished,  because 
many  squares  stand  open  and  appear  as  though  beginning  to  flare, 
even  before  the  weevils  have  attacked  them. 

PROLIFERATION   OF   INTERNAL  T1SST7E8   OF  BUDS. 

The  protection  of  the  buds  does  not  end  with  devices  for  the  exclu- 
sion of  the  adult  weevils,  nor  with  the  rejection  of  those  in  which  they 
have  laid  their  eggs.  It  is  also  possible  for  the  plant  to  heal  the 
wound,  and  bring  the  injured  bud  to  maturity  by  preventing  the 
growth  of  the  weevil  larva.  Where  the  climate  is  dry  the  weevil 
larva?  in  the  rejected  buds  are  killed,  as  already  explained.  The 
humid  climate  alternative  of  the  falling  of  the  parasitized  squares  is 
proliferation,  the  growth  inside  the  bud  of  loose,  watery  tissue  in 
w^hich  the  larva  does  not  develop.  Whether  the  larva  is  killed  by 
smothering,  starving,  or  poisoning,  or  by  some  combination  of  these, 
is  not  yet  known.  Starvation  is  a  sufficient  explanation,  since  the 
material  with  which  th^  larva  becomes  surrounded  can  be  no  adequate 
substitute  for  the  highly  nutritious  pollen  grains  on  which  the  infant 
larva  would  otherwise  feed. 

Proliferation  is  much  more  frequent  in  the  Kekchi  cotton  than  in 
any  of  our  United  States  varieties,  as  far  as  known.  The  first  and 
second  punctures  are  connnonly  resisted  successfully,  but  the  third, 
fourth,  or  fifth  attempt  may  succeed  in  the  development  of  a  larva. 
The  proportion  of  weevil  punctures  rendered  ineffective  by  prolifera- 
tion was  found  to  run  well  above  50  per  cent,  sometimes  between  80 
and  90.     (PI.  V.) 

The  promptness  and  efficiency  of  proliferation  bear  an  inverse  pro- 
portion to  the  size  of  the  buds.  As  the  latter  grow  larger  the  mass  of 
anthers  inside  becomes  less  compact,  and  the  other  tissues  become  too 

a  Professor  Pittier  found  in  tlie  latter  part  of  the  season  that  the  buds  of 
the  Kckclil  cotton  were  sometimes  cut  away  at  the  base  and  left  hanging  in  a 
wilted  condition.  These  were  at  first  taiven  for  flared  squares  as  the  result 
of  weevil  injuries,  but  it  was  later  as(*ertaine<l  that  this  was  not  the  case, 
though  the  true  cause  was  not  learned.     The  damage  was  done  in  the  night. 
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nearly  mature  to  put  forth  new  growth.  If  the  presence  of  the  hirv^a 
at<his  stage  is  sufficient  to  cause  the  bud  to  fall  off,  the  development 
of  the  parasite  to  maturity  is  well  assured,  the  large  bud  affording 
good  protection  and  adequate  food. 

In  the  Kekchi  cotton,  however,  such  late  attacks  very  seldom  cause 
the  bud  to  fall  off.  Larva)  developed  in  the  larger  buds  are  turned 
out  of  doors,  as  it  were,  by  the  opening  of  the  flower.  The  tendency 
of  injured  buds  to  persist  is  notably  greater  than  in  the  United 
States,  either  because  of  some  physiological  difference  between  the 
varieties,  or  because  of  the  larger  and  more  firmly  closed  involucres 
of  the  Kekchi  cotton,  which  keep  the  buds  surrounded  with  a  moist 
atmosphere  and  protect  it  against  drying  out  while  the  new  tissues 
are  forming  to  heal  the  wound  and  encyst  the  egg. 

In  the  closely  planted  Indian  fields  the  squares  seldom  flare  asjn 
the  Texas  varieties.  They  generally  remain  in  place  and  continue  to 
grow  until  the  bracts  have  reached  nearly  their  full  normal  size.  In 
fields  partially  protected  by  the  keleps  the  weevil  larva^  do  not 
seem  to  develop  in  buds  as  small  as  in  Texas.  Proliferation  may 
partly  explain  this  delay  and  also  the  more  firmly  closed  involucres, 
but  in  our  unprotected  plot  the  weevils  were  able  by  repeated  punc- 
tures to  infest  smaller  squares  and  reach  maturity  in  them,  after  they 
had  fallen  to  the  ground. 

The  behavior  of  weevil  larva}  inside  the  squares  in  Guatemala 
Jieems  also  to  differ  appreciably  from  that  observed  in  Texas  where 
younger  squares  are  usually  much  more  accessible  to  the  weevils,  and 
are  commonly  punctured.  In  Texas  the  larvae  regularly  grow  to 
maturity,  depending  for  food  upon  the  pollen,  which  is  completely 
eaten  out.  In  Guatemala  this  very  seldom  occurs.  Small  squares 
with  well-developed  weevil  larvae  are  rarely  found  under  normal  con- 
ditions, nor  do  the  larvae  depend  upon  the  pollen  as  their  principal 
article  of  diet,  as  in  Texas. 

Several  reasons  for  this  difference  may  be  considered.  The  first  is 
that  the  larger  and  more  firmly  closed  involucre  of  the  Kekchi  cotton 
gives  the  buds  several  days  of  protection,  so  that  the  average  size 
would  naturally  be  larger.  The  examination  of  large  numbers  of 
squares  picked  at  random  from  the  Indian  cotton  fields  by  Messrs. 
Kinsler  and  McLachlan  show  also  that  a  very  large  proportion  of  the 
punctures  are  followed  by  proliferation,  and  that  this  means  of  pro- 
tection is  much  more  efficient  in  the  younger  squares.  Another  rea- 
J^on  must  be  sought,  however,  for  the  failure  of  the  larva*  to  eat  the 
pollen  of  the  large  buds  where  proliferation  is  less  prompt  and  less 
frequent.  The  impression  might  be  gained  that  the  pollen  of  the 
Kekchi  cotton  is  in  some  way  not  acceptable  to  the  weevils,  since  even 
when  there  is  an  abundance  of  pollen  at  hand  they  prefer  to  eat  out 
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the  style  and  central  column  of  the  flower,  and  thence  down  into  the 
ovary  or  young  boll.  After  this  has  l>een  consumed  the  larvae  return 
to  the  upper  part  of  the  bud  to  finish  the  remainder  of  the  pollen. 

Nevertheless,  this  suggestion  of  a  protecting  quality  in  the  pollen 
itself  can  not  be  accepted  with  much  confidence  because  the  weevils 
showed  in  numerous  instances  that  they  could  live  and  thrive  upon  the 
pollen  of  the  young  squares,  quite  as  in  the  United  States.  This  oc- 
curred in  the  experimental  plot  where  there  were  no  keleps,  ahd  the 
weevils  were  very  numerous  and  persistent  in  their  attacks.  After 
two  or  three  punctures  the  squares  flared  and  fell  to  the  ground  in 
rhe  usual  manner,  and  in  these  the  weevil  larvae  were  able  to  reach 
maturity. 

A  more  probable  reason  for  the  usual  failure  of  the  larva*  to  eat  the 
pollen  as  freely  as  in  the  United  States  is  furnished  by  the  opinion  of 
Mr.  W.  D.  Hunter,  that  the  original  habit  of  the  weevil  was  to  attack 
tlie  bolls,  like  related  species  of  Anthonomus,  which  live  upon  various 
kinds  of  fruits.**  If  this  be  true  with  reference  to  the  boll  weevil  we 
may  think  of  the  Guatemalan  members  of  the  species  as  having 
retained  somewhat  more  of  the  ancestral  habits  which  with  them  are 
definitely  useful,  because  the  cotton  variety  with  which  they  have  to 
deal  has  perfected,  to  'i  larger  extent  than  the  Texas  varieties,  the  art 
of  proliferation. 

As  a  further  indication  of  the  gre^^ter  strength  among  the  Guate- 
malan weevils  of  the  instinct  of  attacking  the  ovary  of  the  bud 
may  be  mentioned  the  fact  that  a  very  large  proportion  of  the 
punctures  occur  low  down — that  is,  on  or  below  the  level  of  the  apex 
of  the  young  boll.  The  lar\  a  connnonly  eats  directly  to  the  center  of 
the  bud  and  hollows  out  the  apex  of  the  young  boll.  This  habit 
gives  rather  less  o])portunity  for  successful  proliferation  than  in 
Texas,  because  the  cavity  hollowed  out  by  the  larva  lies  below  the 
level  of  the  staminal  tube,  the  tissues  of  which  are  the  most  active 
in  proliferation.  The  Kekchi  cotton  shows  occasionally  another 
form  of  proliferation  not  recorded  from  Texas,  namely,  that  of  the 
base  of  the  corolla.  Sometimes  this  enlargement  takes  place  in  an 
outward  direction,  forming  a  wart  or  protuberance  on  one  side 
of  the  bud,  as  shown  in  Plate  VI.  In  other  instances  the  dii'ec- 
tion  is  reversed  and  the  ingrowing  edges  of  the  wound  made  by 
the  weevil  fill  the  internal  cavity  and  prevent  the  development 
of  the  larva.     The  proliferation  of  the  corolla,  besides  being  le^s 

"A  new  species  of  Autlionoiniis  with  habits  closely  identical  with  those  of  the 
boll  weevil,  but  parasitic  on  tlie  iK'pper  plant  (Capsicum),  has  been  discovered 
recently  in  Texas  by  Mr.  K.  A.  Schwa rz.  This  pains  an  added  interest  from  the 
fact  already  noted  that  it  is  the  rejrular  custom  of  the  Indians  of  Altti  Vera 
Paz  to  plant  peppers  among  the  cotton. 
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frequent  than  that  of  the  staminal  tube,  is  i)robably  also  less  effect- 
ive, since  the  weevil  larvae  could  escape  before  it  into  the  center  of 
the  flower  while  the  proliferation  from  the  staminal  tube  grows 
outward,  as  though  to  meet  the  intruder  and  keep  him  separated 
from  the  more  special  organs. 

The  habit  of  the  larvae  to  seek  the  center  of  the  bud  and  gnaw 
oflT  the  style  is  responsible  for  the  loss  of  large  numbei*s  of  younger 
lx>lLs  which  have  suffered  no  direct  injury  from  the  weevil.  Even 
though  the  larva  be  subsequently  killed  by  proliferation  or  though 
the  flower  drops  off  and  carries  the  larva  with  it,  the  lack  of  polli- 
nation must  prevent  the  development  of  the  young  boll  unless  par- 
thenogenesis takes  place,  which  seems  improbable. 

Larvae  were  found  in  several  instances  in  nearly  full-sized  buds 
about  to  open,  and  in  another  case  a  more  than  half-grown  larva 
was  found  inside  the  central  column  of  an  open  flower.  More  or  less 
distorted  flowers  with  unmistakable  signs  of  previous  proliferation 
in  the  bud  stages  are  commonly  found  in  the  Kekchi  cotton  fields. 

Summarizing  the  results  of  the  study  of  proliferation  in  the 
Kekchi  cotton,  it  may  be  said  that  although  the  frequency  of  pro- 
liferation in  the  yoimg  squares  is  very  great,  its  efficiency  in  prevent- 
ing the  breeding  of  the  weevils  is  somewhat  less  than  might  be  ex- 
pected in  Texas,  owing  to  the  difference  of  food  habits  among  the 
weevils.  If  the  Texas  weevils  are  as  consistent  in  their  habits  as 
now  supposed,  the  introduction  of  the  Kekchi  cotton  or  of  a  similar 
proliferating  variety  might  be  of  great  benefit  as  a  preventive 
measure.  The  extent,  however,  to  which  it  could  be  made  to  compass 
the  complete  destruction  of  the  weevil  would  depend  somewhat  upon 
the  degree,  if  any,  to  which  they  might  return  to  the  habit  shown  in. 
Guatemala  of  feeding  upon  the  ovaries  or  boll  rudiments  rather 
than  upon  the  pollen  of  the  young  buds,  an  important  and  hitherto 
unsuspected  difference  in  habits  between  the  weevils  of  Texas  and 
those  of  Guatemala. 

CAUSES  AND  CONDITIONS  OF  BID  PROLIFERATION. 

That  the  proliferation  is  occasioned  by  the  injuries  of  the  weevil  is 
too  obvious  to  admit  of  doubt,  but  it  may  l)e  of  much  practical 
importance  to  learn  the  exact  way  in  which  the  new  growth  of  tissue 
is  brought  about.  The  disturbing  factor  might  be  either  mechanical 
or  chemical.  The  new  growth  may  l)e  a  direct  response  to  injury  of 
the  weevils  in  feeding  or  laying  eggs,  or  it  might  be  stimulated  indi- 
rectly by  the  secretions  of  the  young  larva,  or  by  chemical  changes 
or  decay  of  the  damaged  tissue.  A  second  mechanical  possibility  is 
that  of  pressure  developed  in  the  young  and  rapidly  growing  bud. 

1»()2— No.  8t^-05  M 
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The  burrowing  of  the  weevil  relieves  this  pressure  at  one  point,  and 
may  thus  furnish  the  exciting  cause  of  the  rapid  growth  in  this  direc- 
tion of  the  tissue  of  the  stamina!  tube. 

It  seems  not  improbable  that  a  relation  will  be  found  between  the 
method  of  culture  and  the  extent  and  frequency  of  proliferation. 
Open-field  conditions,  with  much  bare  ground  about  the  plants,  would 
increase  the  daily  exposure 'of  heat  and  dry  air,  and  this  would  con- 
duce' to  the  wilting  of  the  punctured  squares,  which  might  then  be 
expected  to  flare  and  fall  off  instead  of  remaining  to  proliferate.  The 
result  of  weevil  work  in  our  open-culture  plots  was  obviously  differ- 
ent from  that  in  the  more  crowded  cotton  fields  of  the  Indians.  On 
the  widely  separated  plants  the  squares  often  fell  off  and  permitted 
the  larvae  to  develop,  as  in  Texas,  except  that  there  was  still  a  distinct 
tendency  on  the  part  of  the  larva?  to  attack  the  pistil  and  ovary  first, 
before  eating  out  the  pollen. 

PROLIFER^VTION  IN  OTHER  VARIETIES. 

Proliferation  is  by-  no  means  confined  to  the  Kekchi  cotton,  but 
probably  occurs,  occasionally  at  least,  in  all  the  Upland  and  Sea 
Island  varieties.  A  noteworthv  Guatemalan  Sea  Island  cotton  was 
found  by  Mr.  Kinsler  in  the  aldea  of  San  Lucas,  a  few  mile«  from 
Secanquim."  Both  the  buds  and  the  bolls  afforded  fine  examples  of 
effective  proliferation.  EVen  the  Egyptian  varieties  showed  a  dis- 
tinct ability  in  this  direction.  In  one  instance  no  less  than  17  of  23 
punctured  squares  of  Jannovitch  had  proliferated,  and  15  cases 
seemed  to  have  been  effective. 

Proliferation  ceases  to  occur  when  the  bud  has  become  too  large. 
The  anthers  are  no  longer  so  closely  packed  together  and  the  tissues 
of  the  staminal  tube  are  too  nearly  mature.  By  that  time,  however, 
the  style  may  be  sufficiently  developed  to  furnish  adequate  food. 
It  is  well  known,  however,  that  the  period  of  development  of  the 
weevil  larvro  may  be  gi*eatly  prolonged,  and  this  would  seem  likely 
in  the  present  instance,  since  the  tissues  of  the  styles  must  be  less 
nutritious  than  the  pollen.  The  delay  also  would  be  advantageous, 
since  it  would  permit  the  young  boll  to  become  larger. 


a  This  variety  is  peculiar  in  having  about  half  of  each  seed  (x>vered  only  with  a 
very  fine,  short,  bright  bhilsh-green  lint.  The  upi)er  half  bears  the  long  white 
fiber,  and  Is  smooth  and  black  when  this  has  been  removed.  Some  of  the 
plants  had  excellent  crops  of  l)olls,  unusually  uniform  in  size  and  apparent  age, 
as  though  the  habit  of  seasonal  flowering  were  well  accentuated.  The  variety 
Is  evidently  i)erennial  and  grows  to  a  height  of  from  6  to  8  feet,  but  on  the 
other  i)lants  the  leaves,  flowers,  and  bolls  were  much  reduced  in  size.  The 
plants  were  all  occupletl  by  small  black  ants.  On  some  of  them  no  weevils  nor 
any^ indications  of  weevil  injury  were  found,  but  others  only  a  few  rods  away 
were  badly  infested. 
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But  as  the  power  of  effective  proliferation  dei*Iiiies  in  the  larger 
buds  another  factor  of  protection  come:-  into  play.  The  later  the 
attack  of  the  weevil  the  greater  is  the  chance  that  the  bud  will  mature 
and  the  flower  will  open  and  tuni  the  weevil  larva  out  of  its  quarters 
to  die.  And  since  buds  commonlv  mature  which  have  been  attacked 
while  still  young  enough  to  proliferate,  it  is  easy  to  understand  why 
attacks  made  in  the  later  stages  seem  to  be  effective  only  in  excep- 
tional instances. 

An  element  of  uncertainty  often  attaches  to  the  enumeration  of 
weevil  injuries  because  of  the  difficulty  of  finding  the  egg  or  very 
young  larva?  of  the  weevil  in  the  sc|uares  which  have  been  only 
recently  attacked.  This  is  esjiecially  true  in  small  squares  where  the 
anthers  are  still  white  and  of  about  the  same  color,  size,  and  general 
appearance  as  the  eggs.  The  possible  error  does  not,  however,  mate- 
rially affect  the  result,  since  it  is  to  be  exjjected  that  the  same  propor- 
tion of  bolls  will  proliferate  and  the  same  j)ercentage  of  weevil 
larvae  develop  as  in  the  squares  which  are  far  enough  advanced  to 
show^  definite  results. 

PBOTECnOK  OF  THE  BOIjLS. 

If  it  be  true,  as  already  intimated,  that  the  original  habit  of  the 
weevil  was  to  attack  the  boll  instead  of  the  bud,  the  opportunity  for 
the  selective  development  of  protective  characters  of  the  boll  has 
been  greater.  This  suggestion  seems  to  accord  with  the  results, 
since  the  boll  of  the  Kekchi  cotton  has  a  series  of  protective  characters 
even  more  striking  and  effective  than  those  of  the  involucre  and  the 
bud. 

PERSISTENCE   OF   FLOWERS. 

As  long  as  the  flower  remains  in  place  the  young  boll  is  thoroughly 
protected,  the  weevils  having  no  means  of  access  except  by  boring 
through  the  withering  tissues,  which  seems  not  to  be  attempted.  In 
the  Kekchi  cotton  the  flower  falls  only  when  detached  by  the  swelling 
of  the  young  boll.  This  may  also  be  true  of  other  varieties.  (See 
PI.  IX.) 

The  frequent  sequel  of  proliferation  in  the  bud,  as  noted  above,  is 
the  loss  of  the  young  boll  through  lack  of  pollination.  This  is  espe- 
cially true  in  Guatemala,  owing  to  the  tendency  of  the  weevil  larva* 
to  eat  away  the  style.  On  one  occasion  Mr.  Kinsler  collected  from  a 
field  of  Indian  cotton  28  young  bolls  showing  signs  of  debility.  These 
measured  from  13  to  20  mm.  in  length,  most  of  them  about  15  mm. 
None  of  the  smaller  bolls  showed  signs  of  weevil  injury,  but  in  many 
of  them  the  ovules  were  already  shriveling  up.  A  few  punctures  were 
found  in  some  of  the  larger  bolls,  and  in  some  of  tliese  proliferation 
had  occurred.    The  development  of  the  weevil  larvae  to  maturity 
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^^eeiued  unlikely  in  any  case,  because  tlie  unfertilized  ovules  were 
already  withering. 

Presumably  there  are  various  stages  and  degrees  of  fertilization. 
Some  of  the  stigmas  of  proliferated  buds  seem  to  have  ade(iuate 
pollen,  so  that  the  bolls  can  develop  normally,  while  others  obtain 
none  at  all  or  only  a  little.  The  persistence  of  injured  flowers  is 
much  greater.  They  may  not  fall  off  at  all,  and  often  remain  at- 
tached by  the  withered  style  to  the  boll  when  nearly  full  size. 

It  thus  happens  that  injured  flowers  protect  their  young  bolls 
longer  than  the  others,  but  in  most  instances  such  bolls  remain  small 
or  unsymmetrical,  presumably  as  a  rcvsult  of  inadequate  fertilization. 
It  is  quite  possible,  however,  for  normal  bolls  to  develop  occasionally 
from  weevil-infested  buds  which  never  open,  for  the  style  often 
pushes  through  and  becomes  fully  exposed,  so  that  fertilization  by 
pollen  from  another  flower  might  readily  take  place. 

IMMUNITY   OF   VERY   YOUNG  BOLLS. 

For  reasons  not  yet  ascertained,  the  weevils  in  Guatemala  seldom 
or  never  attacked  the  very  young  bolls.  This  may  be  due  to  a  con- 
servative instinct  on  the  part  of  the  weevil,  like  that  w^hich  forbids 
the  laying  of  any  additional  eggs  in  a  bud  already  parasitized."  It 
is  not  impossible,  however,  that  the  oil  glands  with  which  the  sur- 
face of  the  young  boll  is  very  thickly  beset  may  have  a  protective 
function.  As  the  boll  growls  larger  the  glands  do  not  appear  to 
increase  in  numbers,  but  become  separated  much  more  widely.  On 
bolls  of  the  Kekchi  cotton  the  oil  glands  are  usually  absent  from  a 
distinct  longitudinal  band  running  down  the  middle  of  each  carpel. 
(PI.  VII.)  A  large  proportion  of  the  weevil  egg  punctures  are 
made  along  this  naked  band,  although  very  few  of  them  take  effect. 
The  wall  is  thicker  here,  and  the  weevil  in  boring  meets  the  tough 
lining  of  the  boll  chamber  at  an  angle,  and  is  seldom  able  to  penetrate. 
If  this  interpretation  of  the  facts  be  correct,  the  naked  band  consti- 
tutes a  veritable  weevil  trap,  a  device  for  inducing  the  weevil  to 
make  its  punctures  and  lay  its  eggs  in  the  part  of  the  boll  where  they 
can  do  no  harm.^ 

To  ascribe  a  protective  value  to  the  oil  glands  is  not  unreason- 
able in  view  of  the  fact  reported  by  Messrs.  Quaintance  and  Brues, 

a  Hunter.  W.  D.,  und  Hinds,  W.  E..  lfK)r>.  The  Mexican  Cotton  BoU  Weevil. 
Bui.  51.  Bureau  of  Entomology.  V.  S.  Deimrtmeut  of  Agriculture,  p.  78. 

&Thl8  peculiarity  of  a  glandless  longitudinal  band  in  the  middle  of  ejicb 
carpel  was  also  noticed  in  a  variety  of  <-otton  cultivated  by  tbe  Moqui  Indians 
of  Arizona,  grown  in  1004.  in  the  Department's  plant-breeding  ex|)eriraenta] 
field  at  Terrell.  Tex.  The  Moqui  cotton  is  Interesting  also  by  reason  of  Its 
short,  scpiarlsh.  distinctly  apiculate  bolls,  more  like  some  of  the  Old  World 
cottons  than  are  those  of  other  membere  of  the  Upland  series. 
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that  the  Egyptian  cotton,  the  bolls  of  which  jire  excessively  oily,  is 
<m  this  account  immune  froui  the  lK)lhvorni/'  The  oil  contained  in 
the  glands  has  a  deep-brown  color,  a  sticky,  molassi»s-like  consistence, 
a  disagreeable,  pungent  odor,  and  a  sharp,  resinous  taste,  suggesting 
turpentine  or  Canada  balsam. 

Tlie  development  of  the  oil  glands  seems  to  be  especially  great  in 
the  Egyptian  variety  known  as  Mit  Afifi,  and  the  glands  are  more 
sujjerficial.  By  slight  pressure,  or  by  drawing  the  nail  across  the  sur- 
face, the  oily  liquid  is  freely  obtained.  Most  of  the  Upland  varieties 
have  the  oil  glands  much  more  scattering  and  deep  set  than  the  Egyp- 
tian sorts,  and  it  is  not  possible  to  squeeze  the  resin  out  of  them  in 
any  such  manner. 

On  Kedshank  and  other  Upland  types  the  resin  glands  are  marked 
by  slight  superficial  depressions,  but  a  cross  section  shows  them  to  be 
well  below  the  surface,  with  several  layers  of  chlorophyll-bearing 
cells  between.  On  the  Egj^ptian  sorts  the  glands  are  also  set  in  de- 
pressions, but  the  gland  itself  is  very  close  to  the  surface,  and  makes 
the  bottom  of  the  depression  again  convex,  the  superficial  layer  of 
cells  being  very  thin.  It  seems  to  break  spontaneously  in  some  in- 
stances; at  least  there  are  frequently  small  spots  of  hardened  resin, 
and  very  slight  pressure  brings  out  the  dark,  gummy  fluid.  The 
fingers  receive  a  permanent  brownish  stain,  which  with  the  acrid, 
biting  sensation  experienced  when  the  liquid  is  applied  to  the  tongue, 
increases  the  probability  that  substances  of  a  definitely  protective 
character  are  present.  It  is  well  known  that  many  of  the  aromatic 
oils  are  for  some  reason  highly  distasteful  or  even  fatal  to  many 
insects. 

The  Sea  Island  and  Kidney  cottons'  have  the  oil  glands  conspicu- 
ously developed,  like  the  Egyptian  varieties,  but  the  Old  World 
cotton  {Gossypium  herhdceum)  is  in  this,  as  well  as  in  other  respects, 
more  nearly  related  to  the  American  Upland  cotton  {Gossypium  hir- 
ftutum).  The  Aidin  (Asia  Minor)  variety  of  Gossypium  herhacemn 
has  the  oil  glands  rather  small  and  jleep  set,  with  the  superficial  pits 
rather  shallow,  more  so  than  the  Ceylon  or  Korean  types. 

Even  the  petals  of  the  Guatemalan  Kidney  cotton  found  at  Trece 
Aguas ''  contained  oil  glands.  The  color  of  the  petals  was  a  uniform 
pale  yellow,  without  purple  spots  on  the  inside,  but  in  the  upper 

aQuaintance,  A.  L..  and  Bnies,  C.  T.,  1905.  The  Cotton  Bonworm,  Bui.  50, 
Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  p.  71. 

*  The  Kidney  cotton  at  Trece  Aguas  is  called  paiyi,  and  seems  to  have  little  or 
no  relation  in  the  minds  of  the  Indians  with  the  dwarf  ITpland  cotton,  which  is 
called  nok.  In  the  Secanquim  district,  only  a  few  miles  away,  this  name  paiyi 
(pronounced  like  the  English  words  pie  ye)  is  not  recognized.  Kidney  cotton, 
though  apparently  not  now  planted  l>y  the  Indians,  is  not  entirely  unknown  to 
them.    They  call  It  simply  ehe  nok,  or  tree  cotton* 
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half  specked  with  minute  brown  glandular  dots."  The  oil  glands  of 
the  bolls  of  this  Kidney  cotton  are  apparently  quite  as  strongly  devel- 
oped as  in  the  Egyptian  varieties,  or  even  more  so.  They  are  distrib- 
uted very  irregularly  over  the  surface,  and  are  not  lacking  above  the 
dissepiments,  along  the  middle  of  the  carpels.  The  position  and 
structure  of  the  glands  seem  also  to  be  the  same  as  in  the  Egyptian 
cottons.  They  are  close  to  the  surface  and  show  as  distinct  black 
spots,  there  being  no  green  tissues  over  them  as  in  the  Upland  and 
herhaceum  types. 

I  am  indebted  to  Mr.  Guy  N.  Collins  for  the  suggestion  that  the 
present  inefficiency  of  the  oil  glands  as  a  means  of  protecting  the 
cotton  from  the  boll  weevil  furnishes  no  argument  against  the 
adaptation  of  the  glands  nor  their  development  through  the  selective 
agencies  of  the  boll  weevil  itself.  This  fact  is  sufficiently  obvious 
when  once  stated,  but  it  is  not  commonly  taken  into  account  in  con- 
sidering questions  of  this  kind.  We  may  be  sure  that  the  gradual 
development  of  a  protective  character  like  the  oil  gland  would  carry 
with  it  a  corresponding  increase  in  the  power  of  the  weevil  to  avoid 
or  to  endure  the  injury.  The  ultimate  value  of  the  device  would  de- 
pend on  whether  the  glands  were  able  to  keep  ahead  of  the  weevils 
in  quantity  and  distastef  ulness.  The  readiness  with  which  the  boll 
weevils  attack  the  Egyptian  cotton  renders  it  obvious  that  oil  is  now 
no  adequate  protection,  but  the  preference  of  the  weevils  for  the  un- 
protected strips  of  the  bolls  of  the  Kekchi  cotton  indicates  that  the 
weevils  still  dislike  the  oil,  though  they  may  have  foiled  the  attempt 
of  the  plant  to  protect  itself  in  this  way. 

There  are  two  attendant  facts  which  under  certain  circumstances 
might  readily  obscure  the  immunity  of  the  young  bolls.  Many  such 
small  bolls  fall  off,  a  particularly  large  number  it  seemed  from  our 
row  of  Parker  cotton,  but  an  examination  of  these  failed  to  show 
anything  in  the  way  of  weevil  injuries,  except  such  as  had  been  in- 
flicted while  the  bud  or  flower  was  still  in  place,  the  style  and  a 
small  apical  cavity  having  been  eaten  away  in  numerous  instances. 
Many  small  bolls  were  to  all  appearances  quite  uninjured.  They 
may  have  l)een  rejected  by  the  plant  as  supernumerary,  the  plant 
being  unable  to  furnish  the  food  material  needed  to  bring  them  to 
maturity,  or  they  may  have  failed  of  fertilization  as  a  result  of 
weevil  injuries  to  the  bud  or  from  other  causes,  such  as  the  absence 
of  l)ees,  which  were  extremely  scarce  in  the  Guatemalan  cotton  fields. 
The  frequency  with  which  the  boll  weevils  were  found  inside  the 

oThe  flowers  of  the  Kekchi  cotton  ;ire  i)ure  creamy  white  when  young  and  as 
long  as  tliey  remain  open.  When  old  and  rolled  together  they  become  a  pinkish 
red.  They  are  not  yellow  or  bluish  at  any  stage.  The  stamens  and  pistils  are 
also  nearly  white,  the  latter  with  rows  cf  oil  glands  showing  as  small  grayish 
dots. 
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cotton  flowers  and  well  dusted  over  with  p<»llen  suggests  the  possi- 
bility that  in  this  district  at  least  they  were  a  not  unimportant 
agency  of  cross- fertilization.  The  performance  of  such  a  service  by 
the  hoU  weevil  would  be  comparable  to  the  famous  case  of  the  yucca 
and  its  moth,,  the  plant  l)eing  dependent  for  cross- fertilization  upon 
its  inject  parasite.  The  weevils  eat  the  pollen  from  the  bud:  that 
they  ^-isit  the  flowers  for  the  same  purpose  seems  highly  probable. 
The  investigations  of  Messrs,  Hunter  and  Hinds  have  shown,  indeed, 
that  a  pollen  diet  is  a  necessity  for  the  complete  sexual  maturity  and 
reproduction  of  the  weevils:  if  without  buds  to  feed  upon  they 
seldom  copulated  and  never  laid  eggs." 

RAPID   GROWTH   OF    YOFXC.   ROLUB. 

Mr.  John  H.  Kinsler,  who  gave  carefid  attention  to  the  earlier 
stages  of  the  Guatemalan  experiment,  gained  an  impression  that  the 
young  bolls  of  the  Kekchi  cotton  increased  in  size  with  a  rapidity 
distinctly  greater  than  that  of  the  United  States  Upland  varieties 
planted  alongside.  It  was  not  practicable  to  establish  the  fact  by 
carrying  out  a  series  of  daily  measurements,  though  it  was  possible 
to  ascertam  from  dated  tags  used  in  connection  with  the  hybridiza- 
tion experiments  that  the  Kekchi  cotton  can  grow  bolls  to  full 
size  in  less  than  a  month  from  the  time  the  flower  opens.  Plate  IX, 
figure  2,  shows  on  the  right  two  bolls  of  Kekchi  cotton  less  than  a 
month  from  flowering.  On  the  left  are  the  two  largest  lx)lls  from  an 
adjoining  plant  of  King,  the  seed  of  both  varieties  having  been  sown 
the  same  day. 

Such  an  acceleration  of  the  growth  would  be  of  very  obvious  utility 
in  lessening  the  period  in  which  the  danger  of  infestation  is  greatest. 
A  large  proportion  of  the  weevils  found  in  adult  bolls  of  Kekchi  cot- 
ton were  in  "  locks  "  or  compartments  of  diminutive  size,  showing 
that  the  infestation  had  taken  place  while  the  boll  was  less  than  half 
grown.  Indeed,  the  weevils  seldom  st»em  to  be  able  to  affect  lodg- 
ment in  bolls  more  than  half  grown,  although  numerous  attempts 
are  made  in  fields  where  the  weevils  are  numerous.  The  following 
field  note  describes  such  an  instance : 

A  bon  showing  many  external  marks  of  weevil  punctur^  was  found  on  being 
t-ut  up  with  care  to  have  l)een  attacked  at  least  fourteen  times.  In  five  eases 
the  outer  wall  seemed  not  to  have  been  penetrated,  but  in  nine  others  there  had 
!>een  complete  perforations.  All  of  these  had  been  closed,  however,  by  prolifer- 
ation from  the  inner  surface,  and  no  living  larvie  were  found. 

Such  persistent  attacks,  however,  may  finally  induce  a  diseased 
condition  which  interferes  with  the  normal  grow^th  of  the  boll,  even 

s — ^ —  — 

a  Flunter,  W.  D.,  and  Hinds,  \V.  E.,  1905.  The  Mexican  Cotton  Boll  Weevil, 
Bui.  r»l.  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  p.  113. 
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though  the  weevils  be  successfully  resisted.  Such  injured  bolls  often 
show  a  brownish  discoloration  of  the  interior  tissues  near  the  base 
and  connecting  with  the  nectaries,  which  may  indicate  a  bacterial 
disease,  to  be  discussed  later.  Sometimes  this  affects  the  walls  oiily, 
sometimes  one  or  more  seeds  and  the  surrounding  lint. 

THICK-WALLED   BOLLS. 

In  the  Kekchi  cotton  there  are  considerable  variations  in  the  thick- 
ness of  the  outer  wall  of  the  boll.  Not  infrequently  the  wall  equals 
or  exceeds  the  length  of  a  weevil's  snout,  so  that  only  the  largest  or 
longest  snouted  weevils  would  be  able  to  make  an  opening  into  the 
interior  cavity.  It  was  noted,  also,  that  on  the  inside  such  bolls  are 
often  quite  free  from  these  injuries  or  small  larvae,  though  numerous 
attempts  may  have  been  made.  Large  larvse  or  pupae  may  be  found, 
but  these  have  <;ome,  obviously,  from  eggs  laid  while  the  boll  was  still 
young.  On  some  plants  the  development  of  large  thick  walls  takes 
place  very  promptly,  so  that  a  protective  character  of  considerable 
value  might  be  obtained  if  this  feature  could  be  increased  and  ren- 
dered constant.  Early  development  of  the  thick  walls  was  indicated 
by  the  fact  that  the  young  seeds  and  lint  did  not  fill  the  cavity,  and 
the  seeds  were  still  far  from  mature.  Instances  might  be  drawn 
from  other  plants  where  the  growth  of  the  pod  or  seed  vessels  far 
outruns  the  seeds  at  first,  so  that  the  development  of  such  a  character 
in  cotton  might  reasonably  be  expected. 

Even  when  a  wall  thicker  than  usual  has  been  bored  through,  the 
egg  must  be  laid  on  the  outside  of  the  mass  of  lint  which  still  inter- 
venes between  it  and  the  young  seed,  so  that  the  larva's  chances  of 
development  are  greatly  lessened.  As  will  be  shown  later  in  the  dis- 
cussion of  proliferation  in  the  bolls,  the  instances  are  very  numerous 
in  which,  although  the  wall  is  penetrated,  no  further  damage  results; 
either  the  egg  is  not  laid  or  the  development  of  the  larva  is  pre- 
vented by  proliferation.  In  any  event  the  boll  escapes  further 
injury,  and  it  is  a  very  significant  fact  that  in  the  dissection  of  a  large 
number  of  such  bolls  of  Kekchi  cotton  scarcely  any  young  larvae 
were  found,  in  spite  of  the  fact  that  most  of  them  had  been  punctured 
not  once  only,  but  many  times. 

TOUGH    LININGS   OF   CHAMBERS   OF   BOLLS. 

The  three,  four,  or  five  chambers  which  contain  the  locks  of  cotton 
in  the  unopened  boll  have  each  a  complete  membranous  lining.  In 
the  Kekchi  cotton,  at  least,  this  is  extremely  tough  and  parchment- 
like, even  in  bolls  not  yet  full  grown  and  in  which  the  seeds  are  not 
yet  fully  formed.  This  membrane  is  readily  separable  from  the 
more  fleshy  external  layers  of  the  boll,  and  though  flexible,  it  is  very 
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finii    and    incompressible,    and    i*esists   tearing   unless    considerable 
strength  be.  exerted. 

A  large  jjereentage  of  attempted  punctures  of  the  larger  bolls 
failed  because  the  weevils  are  unable  to  penetrate  this  protective  lin- 
ing. This  fact  is  readily  determined  by  the  study  of  radial  sections 
of  the  outer  wall  through  the  warts  which  mark  the  weevils'  points 
of  attack.  The  different  texture  of  the  new  tissue  which  has  closed  the 
wound  shows,  usually,  that  the  cavity  eaten  out  by  the  weevil  extended 
down  to  the  tough  basal  lining,  even  when  no  evidence  of  the  injury 
has  become  apparent  on  the  inside.  In  other  instances,  also  very  fre- 
quent, the  new  tissue,  developed  as  a  result  of  the  irritation  of  the 
attempted  puncture,  exceeds  the  cavity  and  causes  an  inward  swelling 
or  prominence  of  the  inner  lining  analogous  to  the  projecting  warts 
which  are  the  usual  external  indication  of  weevil  punctures. 

It  occasionally  happens,  too,  that  the  projection  of  the  new  tissue 
occurs  almost  entirely  in  the  inside,  the  external  wart  being  very 
slightly  developed  or  not  at  all,  though  the  new  tissue  and  the  inner 
swelling  show  that  a  puncture  had  been  attempted. 

The  utility  of  this  lining  as  a  means  of  excluding  the  boll  weevil 
seems  not  to  have  been  considered  heretofore,  and  there  has  been  no 
opportunity  as  yet  to  compare  the  Kekchi  cotton  with  other  varieties 
with  regard  to  this  feature."  Certain  it  is,  however,  that  in  the  Kekchi 
cotton  the  parchment  lining  is  almost  as  firm  and  tough  as  that  which 
surrounds  an  adult  coffee  seed.  And  it  is  certain,  also,  that  a  very 
large  proportion  of  the  attempted  punctures  of  the  bolls  failed  to 
bore  through  this  inner  wall  of  defense. 

The  examination  of  a  large  number  of  bolls,  which  were  full  size  or 
nearly  so,  though  still  far  from  maturity,  in  most  cases  failed  to  find 
more  than  a  very  few  instances,  if  any,  of  very  recent  perforation, 
though  there  were  large  numbers  of  instances  where  the  weevils  had 
gnawed  their  way  down  through  the  parchment  and  deposited  an 
egg.  In  many  such  cases  the  proliferation  or  new  growth  induced  by 
the  injury  causes  the  parchment  to  be  raised  up  from  the  wall  on  the 
inside  to  form  a  blister-like,  rounded  protuberance.  (PI.  VIII.) 
Eggs  laid  outside  the  parchment  are  firmly  embedded  in  the  new 

a  Since  this  was  written  Mr.  McLachlan  has  reported  the  existence  of  the  same 
form  of  protection  in  Upland  varieties  in  Texas.  The  following  note  describes 
the  results  of  injuries  inflicted  upon  the  bolls  of  a  plant  of  Parker  cotton  in  four 
days  from  August  8  to  August  12,  1905 : 

"  The  9  larger  bolls,  when  opened,  were  found  to  have  28  weevil  eggs  deposited 
In  them ;  6  had  struck  the  dissepiment ;  12  were  not  entirely  through  the  shuck  of 
the  boll  (either  not  more  than  half  way  there  or  else  stuck  In  the  tough  inner  tis- 
sue of  the  shuck) ;  the  others  were  embedded  in  the  lint.  In  only  two  instances 
was  there  any  proliferation  apparent.  The  outer  shuck  had  proliferated  at  the 
wound  and  In  one  case  had  encysted  the  egg.  The  other  had  merely  forced  the 
egg  to  one  side,  having  begun  the  development  too  late." 
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growth  and  do  not  appear  to  hatch,  or  if  they  do  the  larva?  are  not 
able  to  do  any  damage,  since  they  can  not  penetrate  into  the  interior 
of  the  boll.  It  quite  frequently  happens  that  eggs  are  laid  in  the 
sinus  or  groove  between  the  linings  of  two  locks,  but  without  penetrat- 
ing the  parchment  of  either.  The  tissue  is  here  somewhat  looser 
than  in  other  parts  of  the  wall.  In  a  few  instances  it  was  observed 
that  the  larvae  had  hatched,  but  no  case  was  found  w^hich  indicated 
that  larvae  hatched  outside  the  parchment  lining  had  lieen  able  to 
penetrate  to  the  interior  cavity. 

PROLIFERATION    FROM    THE    WALL   OF   THE   BOLL. 

The  wall  of  the  boll  offers  an  active  form  of  weevil  resistance  by 
proliferation,  in  a  manner  somewhat  analogous  to  that  of  the  pro- 
liferation of  the  square.  The  channel  excavated  by  the  weevil  is 
closed  by  the  new  growth,  which  continues  to  push  out  on  the  inner 
surface  of  the  wall  in  the  form  of  a  rounded,  blister-like  protuber- 
ance of  loose  tissue.  This  surrounds  and  encysts  t^ie  weevil  egg,  and 
prevents  its  development.  A  section  through  the  mass  of  new  tissue 
shows  the  egg  embedded  in  it  or  pressed  against  the  lint.  Prolifera- 
tion often  takes  place  even  when  the  tough  lining  of  the  chamber  has 
not  been  penetrated,  and  then  appears  as  a  prominence  underneath 
the  membrane. 

It  has  been  seen  from  the  preceding  paragraph  describing  the 
thick  walls  and  tough  lining  that  in  the  Kekchi  cotton,  at  least, 
the  weevil  is  practically  excluded  from  the  boll  after  the  boll  has 
reached  about  three-quarters  of  its  full  size ;  but  even  in  its  younger 
stages  also  there  is  a  measure  of  defense  through  the  formation  of 
new  tissue  as  a  result  of  the  irritation  set  up  by  the  weevil's  injuries 
in  a  manner  analogous  to  that  which  induces  the  formation  of  galls 
and  other  vegetable  excrescences. 

The  first  result  of  the  proliferation  is  to  fill  up  and  heal  the 
wound  bored  out  by  the  weevil.  The  cavity  is  not  only  completely 
filled,  but  in  most  cases  a  wartlike  prominence  is  formed  on  the  out- 
side, and  if  the  parchment  lining  or  the  inner  wall  has  been  pene- 
trated the  new  proliferating  tissue  also  grows  through  on  the  inside 
and  often  spreads  out  as  a  biscuit  or  button  shaped  protuberance 
of  soft  white  or  transparent  tissue  several  millimeters  in 'diameter 
and  readily  visible  to  the  naked  eye.     (PL  VIII.) 

There  are  two  alternatives  in  the  fate  of  an  egg  destroyed  by 
proliferation.  Either  it  is  completely  surroimded  in  the  proliferating 
tissue  outside  or  inside  of  the  parchment  wall  or  it  is  carried  on 
the  apex  of  the  proliferation  down  against  the  lint  and  flattened 
between  the  growing  surfaces.  After  the  egg  has  disintegrated 
and  disappeared  its  position  is  frequently  shown  by  a  minute  brown 
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stain.  Such  a  discoloration  often  spreads  back  into  the  loose  tissue 
and  then  gradually  extends  over  the  whole  lock  of  cotton  of  that 
particular  chamber.  The  seeds  fail  to  develop  and  finally  shrivel  up. 
If  the  proliferation  results,  as  usual,  in  the  death  of  the  weevil 
egg  or  young  larva,  the  process  of  abnormal  growth  ceases  with 
the  formation  of  ^  knob  or  button  of  the  new  tissue  on  the  inside 
of  the  wall  of  the  boll.  When,  however,  the  young  weevil  escapes 
destruction  and  continues  to  eat  and  grow,  the  proliferating  tissue 
also  continues  to  increase,  until  in  some  instances  the  whole  compart- 
ment is  filled  with  a  silvery-white  cheesy  material  which  seems  to 
arise  not  only  from  about  the  original  perforation  of  the  outer  wall, 
but  also  from  other  parts  which  have  been  injured  and  irritated 
by  the  presence  of  the  weevil  larva.  This,  with  other  facts  already 
stated,  seems  to  show  that  in  some  varieties  of  cotton,  at  least,  the 
tendency  to  proliferation  is  very  general,  or,  in  other  words,  con- 
stitutional, which  warrants  a  larger  hope  of  increasing  this  character 
and  making  it  uniform  by  selection. 

When  proliferation,  which  results  from  the  presence  of  the  weevil 
larva,  has  become  very  extensive  and  fills  the  entire  compartment, 
the  weevil  larva  is  sometimes  found  to  have  eaten  through  the  dis- 
sepiment into  the  next  chamber,  perhaps  to  escape  starvation.  Such 
extensive  proliferation,  accompanied  by  the  failure  of  the  seeds  to 
develop,  means,  of  course,  that  the  weevils  gained  entrance  while  the 
boll  was  still  very  young.  Moreover,  if  the  boll  had  been  older 
there  would  have  been  plenty  of  food  for  the  larva  without  the 
necessity  of  entering  a  second  compartment.  Finally,  the  dissepi- 
ment would  have  been  too  tough  for  the  larva  to  penetrate  easily. 

Further  proof  of  the  fact  that  the  weevil  larvae  are  seldom  or 
never  able  to  gain  a  footing  in  the  larger  bolls  is  to  be  foimd  in  the 
fact,  already  stated,  that  the  weevil  larva?  found  in  them  are  nearly 
alivays  in  undersized  compartments,  much  smaller  than  those  which 
have  remained  uninjured,  and  have  thus  been  able  to  continue  their 
normal  development. 

It  is  to  be  supposed,  perhaps,  that  if  the  weevils  could  gain  access 
to  large  bolls  and  feed  upon  the  nearly  adult  seed  they  would  be  able 
to  develop  in  less  time  than  they  usually  spend  in  reaching  maturity 
on  the  rather  poor  provender  they  secure  among  the  abnormal  tis- 
sues which  arise  after  they  have  entered  the  young  bolls. 

The  exclusion  of  the  weevil  from  the  large  bolls  has  been  evidently 
not  only  an  important  measure  of  protection  for  the  cotton,  but  it 
has  probably  compelled  the  weevil  to  accustom  itself  to  a  gradually 
longer  and  less  prosperous  development  in  the  boll.  The  develop- 
ment of  the  weevil-resisting  adaptations  on  the  part  of  the  cotton 
plant  has  left  the  insect  with  two  opposite  alternatives.  It  must 
enter  the  boll  early  and  submit  to  a  very  long  period  of  development 
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or  enter  the  square  late  and  develop  very  promptly.  The  insect  ha 
been  able,  as  we  know,  to  avail  itself  with  a  large  measure  of  succes 
of  both  these  alternatives,  but  it  is  not  without  encouragement  fo 
future  progress  in  weevil  resistance  to  know^  that  the  plant  lias  h 
successfully  guarded  itself  in  two  parts  of  its  life  history. 

If  additional  evidence  be  needed  to  show  that  the  food  supply 
obtained  by  the  weevil  larvae  in  the  bolls  is  very  different  from  tha 
in  the  squares,  it  is  to  be  found  in  the  large,  firm-walled  cells  of  com 
pacted  excrement  with  which  they  surround  themselves  in  the  boll 
before  reaching  maturity.  The  food  being  of  a  much  coarser  natun 
and  the  period  of  development  about  three  times  as  long,  the  amoum 
of  waste  material  is  naturally  very  much  greater.  If  feeding  upK>i 
the  boll  is,  as  now  appears  probable,  the  ancestral  habit  of  the  wee 
vil,  it  need  not  surprise  us  that  the  protective  adaptations  of  the  holi 
are  more  numerous  and  effective  than  those  of  the  bud,  which  maj 
have  been  attacked  by  the  weevil  in  comparatively  recent  times. 

TIME  REQUIRED  FOR  PROLIFERATION. 

In  connection  with  the  experiments  in  Texas,  Mr.  McLachlan  at- 
tempted to  ascertain  the  time  required  for  proliferation  to  take  place 
after  the  injury  had  been  inflicted.  The  amount  of  proliferation 
and  the  time  required  for  it  to  develop  may  be  expected  to  depend 
much  on  external  conditions.  Squares  of  Parker  cotton  showed  no 
development  in  six  hours,  but  observation  on  bolls  showed  that  pro- 
liferation was  complete  in  twenty- four  hours.  Two  of  Mr.  McLach- 
lan's  observations  are  described  in  the  following  notes : 

Ou  August  14,  at  9.15  a.  m.,  a  wire  cage  was  placed  over  a  plant  of  King 
cotton,  and  four  weevils,  of  which  at  least  two  were  females,  were  put  inside. 
Later,  three  more  were  introduced.  At  the  time  there  were  11  bolls,  39  squares, 
and  1  flower  on  the  plant 

On  August  17,  at  1  p.  m.,  11  bolls  and  18  squares  were  picked,  a  little  more 
than  three  days  being  allowed  for  the  weevils  to  work.  There  was  no  rain,  and 
of  the  18  squares  examined  only  one  revealed  proliferated  tissue,  though  the 
weevils  had  scarred  the  buds  in  more  than  33  separate  places  and  had  depositee!  15 
eggs.  But  the  bolls  showed  better  results.  They  had  been  scarred  at  32  different 
points,  and  23  eggs  were  discovered  when  the  bolls  were  cut  open.  In  12  cases 
inward  proliferation  of  the  **  shuck  "  had  destroyed  the  eggs.  Several  of  the 
incited  growths  had  caught  tlie  egg,  encysted  it,  and  carried  it  along,  inclosed 
at  the  apex,  as  they  pushed  their  way  into  the  lint.  As  in  the  Parser  cotton 
examined  a  short  time  ago,  weevils  seem  to  have  some  difficulty  in  gettins 
the  egg  through  the  shuck  of  the  l)oll.  In  di*y  weather  it  appears  that  the 
King  cotton  is  as  backward  as  the  Parker  in  proliferation  in  the  squares,  but 
In  bolls  proliferation  goes  forward  as  well  in  dry  as  in  wet  weather. 

On  the  30th  of  August,  at  10.15  a.  m.,  a  boll  (half  grown  and  tender)  was 
bagged  with  a  weevil.  At  (5  p.  m.  of  the  same  day  an  egg  puncture  was  found 
on  the  fruit,  but  at  8  a.  m.  of  the  31st  no  further  injury  had  been  inflicted.  At 
12  m.,  Septeml)er  1,  four  more  egg  punctures  were  discovered,  and  the  boll  was 
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MlliKl  and  exuiiiiued.  The  fii'Kt  puncture  was  theu  forty-two  hourH  old  and  the 
KlM^r  four  Kome  twenty-four  hours  ohl.  The  exaiuhiation  reveale<l  marked  pro- 
fiferation  hi  every  case,  with  no  gi'eater  growth  hi  that  of  forty-two  ]ioui"m' 
duiration  than  there  was  hi  that  of  twenty- four.  Eggs  had  heen  laid  inside  the 
Inrstll  of  the  boll,  since  it  was  easy,  in  the  case  of  young,  tender  fruit,  for  the 
ircM^vil  to  cut  an  o{)ening  to  the  lint.  But  every  one  of  the  Ave  eggs  had  been 
ipii<-y»ted  by  tlie  proliferate*!  tissue.  It  is  quite  iK>88ible  that  one  or  two  of  the 
punctures  reckoned  as  twenty-four  liours  old  were  still  more  recent. 

EFFICIENCY   OF   ADAPTIVE   CHARACTERS   OF   BOLLS. 

The  amount  of  protection  afforded  in  Guatemala  by  the  weevil - 
resisting  charactei-s  of  the  bolls  might  lx»  greatly  underestimated  if 
it  were  to  \ye  supposed  that  the  weevils  make  numerous  attacks  upon 
the  bolls  for  the  purpose  of  feeding  upon  them. 

In  their  accounts  of  the  habits  of  the  boll  weevil  in  Texas,  Messrs. 
Hunter  and  Hinds  have  devoted  a  chapter  to  ''  effects  of  feeding  upon 
^^quares  and  bolls,"**  but  in  Guatemala  no  indications  were  found  that 
weevils  punctured  the  larger  bolls  for  any  other  purpose  than  egg 
laying.  It  is  true  that  the  outer  surfaces  of  bolls  are  freijuently 
marked  with  scars  of  weevil  punctures  from  which  no  larva?  have 
developed  and  no  internal  injuries  have  resulted,  but  these  failures 
can  be  explained  in  other  ways  than  by  the  supposition  that  the  wee- 
vils feed  upon  the  tough  and  innutritions  outer  walls  of  the  bolls. 
Ill"  Guatemala,  at  least,  it  appears  that  the  weevil  scars  on  large  IkJIs 
mark  attempts  at  egg  laying,  though  for  a  variety  of  reasons  already 
recited  most  of  them  are  not  effective.  The  only  instance  where  wee- 
vils were  found  feeding  in  bolls  in  Guatemala  was  at  Rabinal.  Two 
weevils  were  together  attacking  a  small  boll,  and  had  eaten  out  large 
superficial  pits,  quite  unlike  the  punctures  in  which  eggs  are  laid. 
Feeding  punctures  in  bolls  are  referred  to  by  Mr.  McLachlan  in  a 
note  dated  at  Victoria,  Tex.,  August  31,  1905.  Such  injuries  were 
not  found,  however,  to  lead  to  the  formation  of  external  warts  which 
could  be  mistaken  for  egg  punctures,  doubtless  for  the  reason  which 
Mr.  McLachlan  gives : 

It  has  been  noticed  that  in  bolls  no  proliferation  occurs  following  the  injurj' 
from  a  feeding  puncture,  however  serious  that  may  lie.  Furthermore,  from  the 
above  and  other  observations  it  is  apparent  that  proliferation  is  not  excited  by 
the  egg  puncture  or  the  egg,  unless  tlie  puncture  extends  through  the  inside 
tis.sue  and  the  egg  is  fixed  in  the  tissue  or  has  been  pushed  through  it  to  the 
lint.  In  that  case  a  dense  knob  of  proliferation  (K'curs  on  the  inner  side  of  the 
shuck,  in  the  center  of  which  the  egg  is  often  encysted.  There  must  be  a  con- 
stant irritant  like  the  egg,  with  an  oi)ening  to  give  it  access  to  the  lint,  in  order 
to  occasion  the  specialized  gi'owtli.  As  a  suggestion  it  might  l)e  noted  that  all 
the  egg  punctures  are  sealed  by  the  adult  weevil  at  the  time  of  egg  laying, 
while  the  fee<ling  punctur(»s  are  loft  open. 


«  Hunter,  W.  D..  and  Hinds.  \V.  E..  11M)5.     The  Mexican  Cotton  Boll  Weevil, 
Bui.  51,  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  p.  59,  PI.  VIII. 
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The  feeding  experiment  reported  by  Messrs.  Hunter  and  Hinds* 
shows  that  weevils  fed  exchisively  upon  bolls  lived  less  than  t^'enty 
days,  while  those  fed  upon  the  squares  lived  nearly  seventy  days. 
The  bolls  proved  to  be  much  less  suitable  for  food  than  the  leaves,  on 
which  the  weevils  were  able  to  prolong  life  for  thirty  days  and 
upward,  though  no  eggs  were  laid  on  a  leaf  diet.  It  may  be  that  in 
Texas,  where  the  army  worms  sometimes  destroy  all  the  leaves,  the 
weevils  might  be  driven  to  gnawing  the  bolls  for  food,  but  in  Guate- 
mala the  plants  remain  in  full  leaf  throughout  the  growing  season. 

BACTERIAL   DISEASES   FOLLOWING    WEEVIL  INJURIES. 

In  the  study  of  the  bolls  of  the  Kekchi  cotton  three  diseased  con- 
ditions were  observed,  some  or  all  of  which  may  be  of  bacterial 
origin,  the  bacteria  having  been  introduced,  perhaps,  by  the  weevils 
at  the  time  of  egg  laying.  None  of  these  diseased  conditions  is  fre- 
quent, and  as  they  do  not  permit  the  fruit  to  reach  normal  maturity 
it  seems  very  unlikely  that  they  can  be  introduced  into  the  United 
States  with  the  seeds.  It  may  be  stated  in  addition  that  the  seed 
obtained  by  Mr.  Kinsler  in  the  season  of  1905  has  been  carefully 
j^elected  in  the  field  and  comes  from  the  earliest  and  most  vigorous 
bolls. 

The  fii*st  of  the  diseased  conditions  consists  in  a  white  deliquescence 
of  the  immature  seeds  and  lint  as  though  the  lock  had  been  dipped  in 
milk.  There  is  also  a  distinct  odor  of  fermentation.  Another  dis- 
ease turns  the  seed  and  lint  brown.  Though  observed  only  in  bolls 
which  have  been  punctured  by  the  weevil,  there  was  often  an 
apparent  connection  between  the  disease  inside  and  the  large  extra- 
floral  nectaries.  A  column  of  transparent  or  somewhat  discolored 
tissue  extends  from  each  nectary  obliquely  upward  to  the  cavity  of 
the  boll.  This  may  be  a  symptom  of  the  disease  or  it  may  indicate 
that  bacteria  find  their  way  into  the  bolls  by  way  of  the  nectaries. 

The  third  abnormal  condition  was  also  indicated  bv  a  brown  dis- 
coloration  of  the  wall  and  contents  of  the  affected  compartment  of 
the  boll.  The  seeds  and  lint  soon  die  and  shrivel.  No  special  indi- 
cation of  bacterial  activity  was  noted,  and  it  may  be  that  the  death 
of  the  weevil  egg  or  larva  has  some  prejudicial  effect  upon  the  sur- 
rounding cells,  as  suggested  by  the  brown  discoloration  already 
noted  in  describing  the  effects  of  proliferation.  Such  a  disturbance 
might  continue  to  spread  and  thus  cause  the  death  of  the  young  seeds. 

BREEDING   IN  BUDS  A  DERIVED  HABIT. 

The  fact  that  the  weevil  larvae  are  found  in  the  young  buds  of  the 
cotton  plant  and  also  in  the  f idl-grown  bolls  has  been  taken  to  mean 
that  it  affects  all  the  intervening  stages  as  well.     This  would  imply 

«  Hunter,  W.  D.,  and  Hiuds,  W.  E.,  1.  c,  pp.  34-35. 
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also  that  if  the  weevil  fed  originally  upon  the  bolls  it  has  followed 
back  to  earlier  and  earlier  stages  and  finally  to  the  bud.     The  facts 
already  detailed  seem  to  prove,  however,  that  this  is  not  the  case. 
The  weevil  does  not  attack  the  very  young  bolls,  nor  does  it  operate 
while  the  flower  is  open  or  while  it  remains  in  place,  though  in  a 
withered  condition.     The  hatching  of  the  weevil  larva  in  the  large 
buds  is  likewise  ineffective  because  the  larva  is  deprived  of  shelter 
when  the  flower  opens.     It  seems  necessary  to  believe,  therefore,  that 
the  parasitism  of  the  weevils  upon  the  buds  of  the  cotton  is  a  habit 
quite  distinct  from  that  of  its  relations  to  the  boll.     The  habit  of 
breeding  in  the  bud  marked  a  new  departure  in  the  biological  history 
of  the  insect  and  not  a  gradual  change  from  the  previous  habit  of 
infesting  the  bolls  only.     Nevertheless,  the  change  of  habits  need  not 
be  thought  of  as  anything  very  remarkable  from  the  standpoint  of  the 
insect.    A  cotton  bud  is  very  much  larger  than  a  small  boll.    The 
i>eculiarity  lies  in  the  plant  rather  than  in  the  insect,  since  very  few 
plants  afford  a  continuous  and  abundant  succession  of  large,  pollen- 
tilled  buds.     It  is  this  quality  of  the  cotton  plant  which  has  enabled 
the  weevil  to  develop  its  peculiar  and  highly  destructive  secondary 
habits^of  feeding  upon  the  buds  and  using  them  as  breeding  places. 
If  the  boll  weevil  were  restricted,  like  related  beetles,  to  parasitism 
upon  the  fruit  of  the  cotton,  it  would  have  remained  a  comparatively 
harmless  and  agriculturally  insignificant  enemy.     These  considera- 
tions may  assist  in  a  better  appreciation  of  the  extent  to  which  the 
weevil's  power  of  injury  would  be  diminished  if  we  could  obtain  a 
variety  of  cotton  with  a  fully  determinate  habit  of  growth,  one  which 
would  cease  producing  buds  as  soon  as  a  crop  of  cotton  had  been  set. 
The  much  more  rapid  development  of  weevil  larvje  in  the  bud  is 
to  be  connected,  doubtless,  with  the  much  richer  food  offered  by  the 
mass  of  pollen,  but  it  may  represent  also  a  somewhat  more  definitely 
adaptive  specialization  of  the  life  history  of  the  weevil,  for  it  is  gen- 
erally a  question  of  eating  the  pollen  promptly  or  not  at  all.     If  the 
bud  falls  off  on  moist  ground  the  pollen  would  be  completely  decom- 
posed long  before  the  larva  could  develop,  at  the  rate  at  which  it 
grows  in  the  boll,  and  if  the  bud  did  not  drop  off,  but  continued  to 
grow,  the  flower  would  open  and  turn  the  larva  out.     It  is  obliged, 
therefore,  to  do  damage  fast  enough  to  keep  the  flower  from  opening, 
and  must  then  eat  the  remaining  pollen  before  it  spoils  and  leaves 
the  larva  too  hungry  and  stunted  to  pass  through  the  final  meta- 
morphosis into  the  adult  stage.     In  a  cotton  which  has  a  highly 
developed  habit  of  shedding  the  injured  buds  it  would  not  be  so  neces- 
sary for  the  larva  to  attack  the  pistil.     It  may  be  that  this  policy 
on  the  part  of  the  weevils  in  Guatemala  has  a  use  to  the  weevil  as 
l)eing  necessary  to  prevent  the  opening  of  the  flower  and  cause  the 
falling  of  the  bud. 
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The  diversity  in  size  of  the  boll  weevils,  while  not  unprecedented 
among  insects,  is  unusual,  and  not  without  biological  significance  in 
the  present  connection.  An  explanation  of  the  variation  in  size  is 
to  be  found,  no  doubt,  in  the  varying  amounts  of  food  which  the 
weevil  larva?  can  obtain,  but  there  is  needed,  none  the  less,  a  special 
adaptability  on  the  part  of  the  weevil  to  permit  it  to  reach  a  normal 
reproductive  maturity  in  spite  of  very  unfavorable  conditions.  The 
smaller  weevils  probably  have  less  than  a  quarter  of  the  weight  of 
the  large  ones,  which  means  that  they  are  able  to  develop  with  a  cor- 
respondingly small  proportion  of  the  food  required  to  raise  a  full- 
sized  weevil.  The  weevils  developed  in  the  bolls  have  a  much  greater 
uniformity  of  size.  The  small  weevils  are  at  once  a  meaas  and  a 
result  of  the  acquisition  of  the  habit  of  living  in  the  buds,  and  espe- 
cially in  the  small  ones,  where  the  supply  of  food  is  often  very  small. 

RELATION  BETWEEN  PROLIFERATION  IN  BUDS  AND  IN  BOLLS. 

The  analogy  of  the  mucilaginous  tissue  found  in  the  young  fruits 
of  okra  and  other  relatives  of  the  cotton  would  lead  us  to  expect  that 
proliferation  could  occur  more  readily  in  the  boll  than  in  the  bud, 
which  may  mean  that  all  the  varieties  which  proliferate  in  the  bud 
will  do  so  in  the  bolls  as  well. 

It  was  at  first  supposed  that  if  the  buds  proliferated  but  not  the 
bolls  the  result  would  be  merely  a  postponement  of  the  breeding 
i-jeason  of  the  weevil  for  two  or  three  weeks,  or  until  the  bolls  had  time 
to  develop.  Such  a  delay  would  be  of  great  practical  importance  in 
retarding  for  that  length  of  time  the  effective  breeding  period  of  the 
weevils.  Moreover,  most  of  the  eggs  of  the  weevils  which  had  passed 
through  hibernation  would  be  lost  by  being  laid  in  the  buds,  which 
would  further  keep  down  numbers  in  the  early  part  of  the  season. 
There  is,  however,  the  further  and  still  more  important  consideration, 
that  the  period  of  development  of  the  weevil  in  the  boll  is  very  much 
longer  than  required  for  it  to  mature  and  emerge  from  the  square." 

a  Determinations  of  the  length  of  the  life  cycle  in  bollB  have  been  made  only 
in  a  few  instances.  In  7  cases  between  August  15  and  November  11,  1903, 
the  average  time  required  from  the  deposition  of  the  egg  to  the  escape  of  the 
adult  from  the  opening  boll  was  sixty-one  days.  The  average  effective  tempera- 
ture for  the  period  was  31.7°  F.,  and  the  average  total  effective  temperature 
required  for  development  in  l)olls  was  therefore  1,933.7**  F.,  or  nearly  two  and 
one-half  times  as  much  as  in  squares.  Several  larvsB  often  develop  within  a 
single  boll.  They  appear  to  remain  in  the  larval  stage  until  the  boll  becomes 
sufliclently  mature  or  so  severely  injured  as  to  begin  to  dry  and  crack  o|>en. 
When  this  condition  of  the  boll  is  reached,  pupation  takes  place,  and  by  the 
time  the  spreading  of  the  carpels  is  sufficient  to  i)erniit  the  escape  of  the  weevils 
they  have  become  adult. — Hunter,  W.  D.,  and  Hinds,  W.  E.,  The  Mexlcsm  Cotton 
Boll  Weevil,  Bui.  45,  Division  of  Kntomology,  U.  S.  Dept.  of  Agriculture,  190i, 
p.  75. 


pinjcrf:m«»N  ••f  sel:-^  by  l:nt.  tl5 


Moreover,  it  aeeni:?  that  ih*-  a-iuli  w«r\-il  .l«^>  ii««i  ixn.ie  t»iii  ihrxHisdt 
the  wall  of  the  bolL  bat  wait-  lo  lie  lil^mtt^l  whfii  the  U^H  o^^ens  to 
maturity.  Thi:?  woold  mean  that  if  pn.»Iiferani*ii  i*an  exchule  iIh* 
weevil  from  breeding  in  the  -^|uarer-  it  woniil  afforvl  a  pm^.'iii^al  >^^hi- 
tion  of  the  problem,  >ince  in^ead  of  niervly  ilelayiiur  the  emers^MUv 
of  the  first  brood  of  weeviK  for  two  or  three  week>,  niHie  of  iheni 
would  be  able  to  set  about  the  work  of  de^-tniotioii  until  the  cn^p  had 
begun  to  ripen,  and  all  daii^r  of  appreiMabie  daniaire  would  have 
passed.  It  ^^eems.  therefore,  that  the  proliferation  in  the  st)uares  i:^ 
the  much  more  valuable  (haracteri>iic  to  lie  etm'^idereil  in  seeking  for 
a  weevil-resistant  cotton.  Proliferation  in  the  lioll^  is  verv  desirable. 
but  the  absence  of  it  should  not  be  alloweil  to  fifftire  verv  largelv 
against  a  variety  which  might  have  a  pronounivtl  tendency  towaril 
proliferation  in  the  bud.  Xeverthele>>,  other  factors  must  enter  the 
calculation,  for  thin-walled  bolls  might  allow  the  weenls  to  i^Si^ajH* 
earlier.  In  moist  weather  the  bolls  might  iwt  crack  o\nnu  but  give  the 
weevils  comfortable  shelter  all  winter,  as  would  seem  to  have  lxH*n  the 
case  in  the  spring  of  1905,  when  various  ol>servers  noted  that  some  of 
the  weevils  seemed  to  have  the  appearaniv  of  having  emerginl  only 
recently  from  the  pupal  condition,  their  very  liglU  iX>Ior  showing  that 
their  outer  covering  of  scales  was  still  in  place. 

The  probability  is,  however,  that  the  proliferation  in  both  platvs 
will  be  found  to  depend  upon  the  siime  internal  factor  or  quality, 
so  that  it  will  be  safe  to  assume  that  a  high  degree  of  pit)Iiferation 
in  the  bud  could  be  taken  as  an  inde.x  of  what  might  Ix*  ex|)e<*ted 
from  the  bolls.  This  would  simplify-  the  pix>bleni  of  selection  by 
permitting  us  to  confine  our  attention  to  the  buds. 

FBOTEOnON  OF  SEEDS  BT  UNT. 

Like  the  large  leafy  involucre,  the  lint  is  also  a  {Kvuliar  feature 
of  the  cotton  plant  which  may  j)rove  to  have  a  practi(*al  connection 
with  the  weevil.  Cotton  is  the  only  food  plant  of  the  boll  weevil, 
and  only  the  cotton,  of  all  the  related  plants,  has  an  abundant  pro- 
vision of  lint.  Some  of  the  specit^s  of  Hihivscus  have  the  seeds 
slightly  silky,  but  the  cotton  stands  quite  alone  in  the  length  and 
abimdance  of  the  hairy  covering  which  grows  out  from  the  seeds  at 
the  time  the  bolls  are  most  subject  to  weevil  injuries. 

From  the  standpoint  of  those  who  believe  that  all  characters  are 
tiseful  to  the  organisms  which  possess  them,  the  interpretation  of  the 
lint  as  a  weevil-resisting  adaptation  will  not  ap|)ear  unreasonal)le, 
since  it  can  scarcely  be  claimed  that  there  is  any  other  use  of  th(»  lint 
so  important  to  the  plant  as  protection  of  the  steeds  from  the  weevils. 
In  other  respects  the  lint  seems  rather  a  disadvantage  than  other- 
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wise.  In  a  humid  tropical  country  the  seeds,  if  left  to  themselves, 
remain  inclosed  in  the  tangled  mass  of  lint  and  usually  rot.  Birds 
might  carry  the  lint  away  to  build  nests,  and- in  so  doing  might  assist 
in  scattering  the  seeds,  but  in  most  of  the  varieties  the  seeds  are  to 
be  detached  only  with  difficulty. 

Composed  as  it  is  of  nearly  pure  cellulose,  the  lint  can  afford  very 
little  nourishment,  even  in  the  younger  stages.  Between  the  lint  and 
the  watery  proliferating  tissue  the  weevil  larva  must  find  the  inside 
of  a  cotton  boll  a  very  inhospitable  place  unless  ircan  penetrate  to  the 
seeds.  Dead  and  moribund  larvae  are  occasionally  found  in  these 
unfavorable  situations.  And  even  the  seeds  themselves  do  not  pro- 
vide so  favorable  a  food  as  the  pollen,  as  shown  by  the  much  longer 
time  required  by  the  larvae  to  develop  in  the  boll  than  in  the  square. 

PROTECTIVE    SEED    ARRANGEMENT    11^    KIDNEY    *.'OTT0N. 

Further  intimation  of  the  protective  value  of  the  lint  is  to  be  found 
in  the  very  peculiar  Kidney  cottons,  so  called  because  the  seeds  are 
crowded  together  in  the  central  angle  of  the  chamber  and  adhere 
firmly  to  each  other,  thus  forming  a  small,  kidney-like  mass.  This 
unique  arrangement  brings  all  the  lint  to  the  outside  of  the  seed,  and 
may  be  the  explanation  of  the  fact  that  the  Kidney  cottons  are  the 
only  representatives  of  the  Sea  Island  type  which  have  gained  a  wide 
distribution  on  the  mainland.  The  separate-seeded  Sea  Island  cot- 
tons came  from  Barbados,  where  the  boll  weevil  did  not  exist  and  has 
not  yet  been  introduced.     (See  PI.  X,  fig.  2.) 

The  outer  wall  of  the  boll  of  the  Kidney  cotton  is  notably  thinner 
than  that  of  Kekchi  cotton,  so  that  the  beaks  of  the  weevils  could 
reach  through  without  difficulty.  But  with  the  layer  of  lint  to  sup- 
plement it  the  wall  becomes,  for  practical  purposes,  much  thicker  than 
in  the  free-seeded  varieties.  The  inner  parchment  lining  is  rather 
tough,  though  apparently  less  so  than  in  the  Kekchi  cotton. 

The  Indians  about  Trece  Aguas,  Guatemala,  are  said  to  recognize 
the  weevils  as  enemies  of  the  dwarf  cotton,  but  it  is  the  local  opinion 
that  the  Kidney  cotton  is  proof  against  them. 

No  weevils  were  found  on  the  two  bushes  of  Kidnev  cotton  exam- 
ined  in  that  locality,  but  these  were  single  plants  growing  near  Indian 
houses  several  miles  away  from  the  nearest  field  culture.  In  a  forest- 
covered  country  like  this  part  of  Guatemala  the  luxuriant  and 
tangled  vegetation  may  well  impede  the  flight  of  such  an  insect  as  the 
weevil.  And  if  it  lives,  as  supposed,  only  on  cotton,  its  chance  of 
I'caching  a  single  bush  of  tree  cotton  would  be  very  small.  That  the 
buds  and  young  bolls  of  the  Kidney  cotton  are  able  to  offer  any  abso- 
lute resistance  to  the  weevil  seems  very  im[)robable,  and  the  abundance 
of  weevils  found  on  the  large  tree  of  Kidnev  cotton  at  Tucuru  last 
year  proved  that  the  immunity,  if  any,  is  not  general. 
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The  Kidney  cotton,  though  commonly  treated  as  a  distinct  species 
under  the  name  Gossypixim  perunianum^  agrees  with  the  Sea  Island 
type  in  all  its  characters  except  the  peculiar  arrangement  of  the  seeds. 
If  this  should  prove  to  be  an  adaptive  feature  the  idea  of  specific 
distinctness  would  have  little  left  to  support  it. 

CULTXTBAL  VAIiXTE  OF  KCDNET  COTTON. 

The  possession  by  the  Kidney  cotton  of  a  definite  weevil-resisting 
adaptation  would  naturally  raise  a  question  regarding  its  cultural 
vahie.  It  belongs  to  the  Sea  Island  series,  and  has  the  long,  fine  fiber 
and  smooth  seeds.  The  growing  of  the  seeds  together  in  masses  would 
still  further  facilitate  picking  and  ginning  operations.  The  bolls,  too, 
of  this  Guatemalan  Kidney  cotton,  at  least,  are  larger  than  those  of 
any  of  the  Sea  Island  varieties. 

It  is  not  likely,  however,  that  any  of  the  varieties  of  Kidney  cotton 
thus  far  known  will  be  found  of  use  in  the  United  States,  for  all  are 
perennial  "  tree  cottons,''  which  have  refused  thus  far  to  flower  or 
fruit  in  the  period  of  growth  allowed  by  the  shorter  summers  of  our 
Temperate  2Ione.  In  tropical  regions  this  objection  would  not  hold, 
and  there  appears  to  be  no  reason  why  the  Kidney  cottons  should  be 
disregarded  in  the  search  for  varieties  suited  to  the  various  soils  and 
climates.  The  Trece  Aguas  Kidney  cotton,  for  example,  seems  to 
thrive  well  in  a  humid  mountain  climate  considered  by  the  natives  to 
be  unfavorable  for  the  annual  Kekchi  cotton,  which  is  planted  several 
hundred  feet  lower  down.  ^ 

THB  NATTTBE  AND  CAUSES  OF  ADAPTATIONS. 

To  explain  how  such  characters  as  the  weevil-resisting  adaptations 
arise  involves  an  interpretation  of  general  evolutionary  questions  upon 
which  the  scientific  world  is  still  by  no  means  agreed.  Nevertheless,  it 
is  evident  that  students  of  such  subjects  should  conduct  and  describe 
their  investigations  in  accordance  with  some  consistent  plan  or 
policy,  if  their  writings  are  to  be  understood  or  their  facts  intelligibly 
recorded.  Moreover,  it  would  be  scarcely  reasonable  to  maintain  that 
such  characters  can  be  further  increased  by  selective  influence  unless 
it  could  be  believed  that  they  had  been  assisted  in  the  past  by  the  same 
agency. 

It  seems  necessary  to  state  that  in  the  present  report  it  is  not 
assumed  that  the  weevil-resisting  characters  have  arisen  as  direct  pro- 
tective responses  to  the  injuries,  or  that  they  are  the  results  merely  of 
stimulation  or  irritation  caused  by  the  weevils,  as  other  writers  on 
evolutionary  subjects  might  hold.  Nor  have  they  been  thought  of  as 
caused  by  selection  in  any  strict  sense  of  the  word.  Though  consti- 
tuting a  most  striking  instance  of  the  results  of  selective  influence,  it 
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is  believed  that  the  cotton  plant  must  fii*st  have  ori^nated  in  some 
measure  the  protective  characters  before  the  external  conditions  (in 
this  instance,  the  weevils)  could  make  them  of  advantage  to  the 
plants  and  thus  encourage  their  further  development. 

The  older  theorv  that  environment  and  natural  selection  are  the 
efficient  or  actuating  causes  of  evolutionary  change  has  lost  many 
adherents  in  the  last  decade,  especially  among  those  who  foun<l 
themselves  unable  to  credit  any  longer  the  idea  that  all  the  characters 
and  differences  of  plants  and  animals  are,  or  have  been,  of  use  to 
them.  It  has  been  shown,  too,  bv  Professor  Weissman  and  his  fol- 
lowers,  that  direct  adaptations  or  responses  of  individual  organisms 
to  the  environment  are  seldom  or  never  inherited  by  their  offspring. 
To  take  the  place  of  the  doctrine  of  direct  environmental  influence 
in  evolution  it  has  been  suggested  that  there  may  be  an  internal 
*'  hereditary  mechanism,"  as  it  has  heeyi  called,  which  determines 
adult  characters  in  advance,  in  the  reproductive  cells,  so  that  modifi- 
cations of  the  specific  or  varietal  type  can  arise  suddenly.  Selection 
would  determine,  of  course,  which  of  such  new  ''mutations"  should 
survive,  but  it  would  l)e  a  mere  accidental  coincidence  if  the  new 
character  happened  to  fit  the  conditions  better  than  the  old. 

It  is  possible,  however,  to  explain  evolutionary  progress  and  select- 
ive adaptations  without  ascribing  them  either  to  external  causes  or 
to  theoretical  internal  mechanisms.  The  diversity  which  plants  or 
animals  of  the  same  parentage  often  show  under  the  same  conditions 
makes  it  evident  that  there  is  no  precise  mechanism  which  determines 
their  form  in  advance,  and  all  attempts  at  securing  any  absolute  imi- 
formity  or  "  fixity  "  of  form  and  color  have  failed.  The  fact  is  that 
organisms,  even  of  the  same  species  or  variety,  are  normally  diverse, 
and  must  have  ancestry  mixed  by  interbreeding  if  bodily  vigor  is  to  be 
maintained  for  any  great  number  of  generations. 

The  generalized  "  specific  type,"  which  is  a  product,  as  it  were,  of 
this  diversity  and  interi)reeding,  is  constantly  and  gradually  chang- 
ing, and  in  many  ways  at  once,  though  in  some  characters  more  rap- 
idly than  in  others.  Selection,  while  in  no  strict  sense  a  cause  of 
this  vital  motion  of  the  species  or  variety,  may  profoundly  influence 
the  direction  and  rate  of  change.  Selection,  in  other  words,  explains 
adaptation,  but  does  not  explain  evolution." 

The  word  adaptation  is  used  in  more  than  one  sense  l)y  writers  on 
biological  subjects.  Some  treat  as  adaptations  the  changes  of  form 
or  structure  by  which  many  plants  an(L  animals  are  able  to  conform 
to  the  needs  of  different  conditions.  There  are  several  plants,  for 
example,  which  have  normal  broad  leaves  when  they  grow  on  land, 
and  verv  narrow  and  much-divided  leaves  when  they  grow  submerged 
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in  water.  Some  plaiU^  are  hairy  in  ilry  UK^iliti**>,  but  are  nearly 
naked  in  humid  tH>trifts,  Others  treat  the>^»  direct  res|wnses  to 
external  conditions  under  the  heading  of  accomnuHlation,  and  reserve 
the  word  adaptation  for  characters  which  appear  re^ilarly  in  a  spe- 
cies or  variety,  but  which  fit  it  for  some  special  condition,  such  as 
that  presented  to  the  cotton  plant  by  the  boll  weevil.  It  has  seenieil 
proper,  therefore,  to  discuss  as  protective  adaptations  any  characters 
which  seem  to  give  the  Central  American  varieties  an  advantage  in 
withstanding  the  attacks  of  the  weevil,  particularly  if  it  can  be  shown 
also  that  the  presence  of  the  weevil  would  tend  to  the  preservation 
and  extension  of  the  given  character. 

In  the  strict  sense  of  the  words,  the  weevil-resisting  adaptations 
of  the  cotton  plant  would  include  only  those  characters  which  have 
been  increased  bv  the  selective  influence  of  the  boll  wee\'il,  but  in  the 

me 

broader  practical  sense  we  may  treat  as  a  wee\41-resisting  adaptation 
anv  feature  which  tends  to  limit  the  destructiveness  of  the  insect. 

The  adaptive  nature  of  some  of  the  characters  of  the  Central 
American  varieties  discussed  in  the  present  paper  is  reasonably  obvi- 
ous, but  in  other  instances  extendetl  studies  in  developmental  biology 
and  primitive  agriculture  might  be  ne<»essar>'  to  determine  the  origin 
and  development  of  a  varietal  characteristic  which  may  have  signifi- 
cance in  the  weevil  problem. 

It  is  easy  to  understand  that  so  injurious  an  insect  as  the  boll  weevil 
has  exerted  a  definite  selective  influence  ever  since  its  remote  ances- 
tors turned  their  attention  to  tho  cotton.  Perhaps  its  earlier  food 
plants  were  completely  exterminated.  The  nearest  living  relatives 
of  the  cotton  are  the  species  of  Hibiscus,  Paritium,  and  Thespesia, 
none  of  which  is  known  to  have  any  attractions  for  the  weevil.  It  is 
evident,  too,  that  in  the  presence  of  the  weevil  the  cotton  plant  would 
have  met  long  ago  a  like  fate  if  it  had  not  been  able  to  take  on  its 
various  adaptive  characters.  That  so  many  of  the  features  by  which 
it  differs  from  its  nearest  relatives  have  such  obvious  connection  with 
the  weevil  would  certainly  justify  the  belief  that  strong  adaptive 
influence  had  been  at  work,  even  if  the  other  circumstances  were 
unknown. 

In  thinking  of  the  relation  l)etween  two  organisms  like  the  weevil 
and  the  cotton  we  often  fall  into  the  error  of  too  great  humanizing, 
so  to  speak;  that  is,  we  ascribe  too  great  intelligence  or  too.complete 
a  reaction  to  cause  or  conditions.  Thus  the  weevil,  although  highly 
specialized  in  some  of  its  instincts,  has,  of  course,  no  equivalent  for 
the  human  judgment.  It  will  puncture,  as  already  seen,  buds  niucli 
too  small  to  raise  a  larva,  and  will  lay  its  eggs  in  the  rind  of  the  boll, 
where  the  larva*  can  never  develop.  If  the  conditions  are  too  favor- 
able to  the  weevil,  as  in  humid  regions,  it  would  undoubtedly  exter- 
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niinate  its  own  host  plant  by  permitting  the  cotton  to  produce  no 
seed.  Paradoxical  as  it  may  at  first  seem,  we  may,  nevertheless, 
I)elieve  that  the  best  conditions  for  the  [)erpetuati<m  of  the  weevil  are 
those  which  ai^e  not  altogether  favorable  to  its  unlimited  multi- 
plication. 

CON8CI0178  AND  XJNC0N8CI0178  8ELE0TI0N. 

There  are  two  principal  ways  in  which  improved  varieties  of  cotton 
and  other  cultivated  plants  come  into  existence.  The  first  is  by  sud- 
den or  abrupt  changes,  or  sports;  also  called  mutations,  saltations, 
and  discontinuous  variations.  These  are  represented  in  cotton  by  the 
occasional  appearance  of  a  plant  with  brown  lint,"  deeply  divided 
leaves''  (okra  cotton)  or  very  short  branches  (cluster  cotton).  The 
Guatemalan  varieties  represent  a  second  type  of  evolutionary  history, 
in  which  improvement  is  accomplished  by  more  gradual  progressive 
change,  fostered  and  accelerated  by  selection. 

Two  forms  of  selection  are  commonly  recognized,  natural  and  arti- 
ficial, the  latter  effected  by  man,  the  former  by  circumstances  of  the 
environment.  This  distinction  is  of  doubtful  value  in  any  case,  and 
quite  obscures  the  important  point  in  the  evolutionary  history  of 
cotton  and  other  plants  domesticated  by  primitive  man.  It  would 
be  much  better  to  think  of  selection  as  either  conscious  or  unconscious, 
and  between  these  two  a  very  practicable  difference  exists.  Conscious 
selection  implies  the  preservation  of  individuals  having  a  desired 
quality  in  the  highest  degree,  -  while  unconscious  selection,  whether 
by  man,  animals,  or  inanimate  conditions,  means  merely  the  rejec- 
tion of  the  most  unfit,  so  that  the  improvement  of  the  species  or 
variety  is  gradual.     Conscious  selection  acts,  of  course,  much  more 

« In  Guatemala  several  tribes  of  Indians  prefer  brown  cotton,  and  for  certain 
garments  use  brown  cotton  only.  Separate  plantings  of  brown  cotton  are  not 
made  in  the  neighborhood  of  Secanquim,  where  our  experiment  was  located,  but 
there  were  said  to  be  such  at  Cajabon  and  Lanquin,  only  a  few  leagues  away. 
The  Cajabon  people  have  a  dark-brown  cotton  called  **  canch  nok,"  and  a  lighter 
brown  called  "  canni  nok." 

On  the  Pacific  slope  Mr.  William  R.  Maxon  found  considerable  culture  of  a 
brown  cotton  called  **  ixeaco."  At  Antigua  a  similar  brown  variety  Is  said  to 
have  been  grown  formerly  in  considerable  quantities,  the  common  name  of 
which  Is  ••  cuyuscate."  It  was  not  learned  that  any  special  religious  use  or 
significance  is  attached  to  brown  cotton  in  Guatemala,  as  Is  said  to  be  the  case 
in  Peru  and  in  India. 

^  Some  may  be  Inclined  to  interpret  these  as  reversions  and  to  argue  that  the 
deeply  divided  involucral  leaves  may  be  a  reminiscence  of  an  ancestral  charac^ 
ter  of  the  cotton.  Or  it  may  be  that  the  divisions  attained  by  the  involucral 
leaves  represent  a  tendency  of  specialization  which  the  remainder  of  the  leaves 
sometimes  share  by  mutation,  in  accordance  with  the  principle  of  translocation 
of  characters  recently  formulated  by  Dr.  R.  G.  Leavitt  (Contrib.  Ames  Bot 
Lab.  No.  3). 
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s|K?e<iily  than  unconscious,  but  is  subject  to  the  serious  danger  of 
weakening  its  proteges  by  inbreeding,  if  the  selection  be  too  rigid  and 
persistent. 

The  unconscious  selection  by  which  the  development  of  the  pro- 
tective characters  of  the  Guatemalan  types  of  cotton  has  been  encour- 
aged differs  in  no  respect  from  tht  progress  by  which  adaptive 
evolution  takes  place  in  nature.  The  Indians  have  planted  and  har- 
vested the  crop,  it  is  true,  instead  of  the  birds  or  other  natural  agents, 
but  they  have  been  entirely  unconscious  of  the  struggle  for  existence 
to  which  the  cotton  plant  was  being  subjected  by  the  presence  of  the 
boll  weevil.  The  Indians  w^ere  only  another  factor,  along  with  the 
dry  and  moist  climates,  the  keleps,  and  the  turkeys.  The  problem 
has  been  solved  in  a  genuinely  natural  fashion,  and  affords  an  excel- 
lent illustration  of  the  nature  of  selective  influence  in  evolution. 

Instead  of  representing  the  final  possibilities  of  improvement 
in  characters  which  give  protection  against  the  boll  weevil,  the 
Indian  varieties  of  cotton  may  be  looked  upon  rather  as  affording 
materials  which  conscious  selection  can  render  still  more  valuable. 
The  proliferation  character,  for  example,  might  never  be  brought  to 
uniform  expression  by  unconscious  selection,  because  the  possession 
of  it  would  give  the  individual  plant  no  advantage  over  its  neighbors 
in  the  production  of  seed.  The  proliferating  plant  might  produce 
no  weevils  itself,  but  the  free  movement  of  the  insects  would  keep  the 
general  average  the  same.  Indeed,  a  plant  might  easily  sacrifice  all 
its  buds,  set  no  fruit  at  all,  and  thus  fail  to  perpetuate  itself.  Pro- 
liferation can  become  a  direct  advantage  to  the  individual  plant  only 
under  conscious  selection.  The  full  value  of  the  newly  ascertained 
protective  adaptations  will  not  be  known  until  they  have  had  the 
direct  selective  encouragement  now  commonly  accorded  to  de^sirable 
characters  of  other  cultivated  plants. 

It  may  appear  remarkable  that  such  definite  and  potentially  valu- 
able characters  as  the  weevil-resisting  adaptations  of  the  Kekchi  cot- 
ton should  have  remained  so  completely  unrecognized  hitherto.  The 
explanation  of  this  doubtless  lies  in  the  fact  that  cotton  culture  is 
practiced  in  Central  America  largely  by  the  Indians  and  very  little 
by  the  foreigners  or  the  more  intelligent  part  of  the  native  community, 
so  that  it  had  not  received  scientific  study.  Even  the  existence  and 
utility  of  the  keleps,  though  apparently  known  to  the  Indians  from 
ancient  times,  had  entirely  escaped  the  attention  of  the  European 
residents  of  the  country.  That  the  Indians  should  have  come  to 
recognize  the  keleps  as  beneficial  and  necessary  to  a  full  crop  of  cotton, 
although  not  knowing  that  the  weevils  injure  the  cotton  or  that  the 
keleps  eat  the  weevils,  only  shows  in  higher  relief  the  completely 
unconscious  character  of  the  selection  conducted  in  this  system  of 
primitive  agriculture.    The  Indians  of  Alta  Vera  Paz  are  extremely 
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stolid,  uncommunicative  people,  from  whom  little  information  is 
likely  to  be  obtained  except  as  replies  to  direct  questions.  Familiar 
from  their  earliest  childhood  with  the  agricultural  lore  of  their  own 
tribe,  it  does  not  occur  to  them  that  these  everyday  incidents  can  be 
of  interest  to  the  white  stranger,  or  if  they  perceive  his  interest  they 
learned  long  since  to  fear  it  as  a  danger  of  further  intrusion.  Even 
our  own  cotton  experiments  were  misunderstood  as  a  menace  of  addi- 
tional demands  for  lands  from  the  white  men  who  now  own  so  large 
a  part  of  the  country. 

SUMMABT  OF  ADAPTATIONS. 

If  the  facts  stated  in  the  present  report  have  been  correctly  observed 
and  interpreted,  we  must  admit  that  the  cotton  plant  is  in  a  high 
state  of  adaptive  specialization  in  its  relations  with  its  now  famous 
insect  enemy,  the  boll  weevil.  IndeecJ,  it  may  l>e  that  the  most  dis- 
tinctive and  important  characters  of  the  plant,  from  both  the  botan- 
ical and  the  agricultural  standpoints— such  as  the  involucre,  the 
nectaries,  the  oil  glands,  the  large  bolls,  and  the  very  lint  itself — 
are  adaptive  features  which  the  selective  influence  of  the  weevil  has 
brought  to  their  present  degi*ee  of  development. 

CLASSIFICATION    OF   ADAPTATIONS. 

The  adaptations  of  the  cotton  plant  might  be  summarized  from 
three  different  standpoints.  A  historical  treatment  would  proceed 
from  the  adaptations  of  the  bolls  to  those  of  the  buds.  Breeding  in 
the  buds,  for  instance,  was  evidently  a  later  adaptation  on  the  part 
of  the  weevils  which  has  called  for  a  second  set  of  the  protective 
characters  on  the  part  of  the  plant. 

It  may  be  better,  however,  to  classify  the  adaptations  as  such, 
without  special  regard  to  their  historical  sequence  of  derivation. 
The  more  practical  purposes  are  served  by  dividing  the  adaptations 
into  four  groups:  (1)  Those  calculated  to  avoid  the  weevils  by  gen- 
eral habits  of  growth;  (2)  those  which  exclude  the  weevils,  or  at 
least  hinder  their  operations  in  the  buds  and  bolls;  (3)  those  which 
attract  insect  enemies  such  as  the  weevil-eating  kelep;  (4)  those 
which  prevent  the  development  of  the  weevil  larvae,  even  after  the 
eggs  have  been  laid. 

ADAPTATIONS   TO   AVOID    WEEVILS. 

1.  Determinate  growth. 

2.  Early  bearing. 

X  r>ong  basnl  branches. 

4.  Early  rejection  of  superfluous  squares. 

5.  Seasonal  bearing  of  perennial  varieties. 
r».  Prompt  bearing  after  cutting  back. 

7.  Hairy  stalks  and  loaf  stems. 

S.  Pendent  bolls. 

1).  Rapid  growth  of  young  1m)Us. 
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ADAPTATIONS  TO  EXCLl'DK   WEEVILS. 

1.   Involucral  liracts  grown  tojeetber  at  base. 

2-  Closely  appressed  margins  of  luvolwral  bracts. 

3.  Margins  of  involucral  bracts  strongly  laciniate  and  balry. 

4.  Unusual  size  and  width  of  iuvolucrnl  bracts. 

5.  Calyx  produced  into  slender  halrj'  laciniap. 
(>.  Persistent  flowers. 

7.  Oil  glands  (?)  of  very  young  bolls. 

8.  Thick-walled  bolls. 

1».  Tough  linings  of  boll  chambers. 

ADAPTATIONS   ATTRACTIVE  TO  THE  KELEP. 

1.  Nectaries  of  leaves. 

2.  Large  outer  nectaries  of  involucre. 

3.  I^rge  inner  nectaries  of  involucre. 

4.  Bract  lets  subtending  inner  nectaries. 

5.  Continued  secretion  of  nectar. 
«.  Hairy  stalks  and  leaf  steins. 

7.  Dwarf,  compact  habits  of  growth. 

ADAPTATIONS  TO  PBEVENT  DEVELOPMENT  OF  WEEVIL  LABV.C 

1.  Shedding  of  weevil-infested  buds. 

2.  Proliferation  of  internal  tissues  of  buds. 

3.  Proliferation  from  the  walls  of  the  bolls. 

4.  Absence  of  oil  glands  over  dissepiments. 

5.  Growth  of  lint  on  seed. 

«.  Compacted  seeds  (Kidney  cotton). 

7.  Lint  confined  to  outer  end  of  seed  (San  Lucas  Sea  Island  cotton). 

ADAPTIVE  CHARACTERS  OF  DIFFERENT  TYPfcS  OF  COTTON. 

The  third  standpoint  for  viewing  the  adaptive  characters  is  that 
of  the  different  types  of  cotton.  All  varieties  share,  to  some  extent, 
the  older  adaptive  feature,s,  but  the  special  characters  are  accentuated 
in  different  degrees  in  the  various  types.  Our  study  has  been  directed! 
toward  the  Kekchi  variety,  both  on  account  of  its  relation  to  the 
keleps  and  because  it  has  seemed  to  possess  by  far  the  largest  series 
of  adaptive  features.  But  now  that  the  existence  of  adaptations  of 
practical  value  has  been  ascertained  it  will  be  necessary  to  canvass 
the  field  thoroughly. 

ADAPTATIONS  OF  KEKCHI   COTTON. 

An  enumeration  of  the  adaptations  of  the  Kekchi  cotton  is  scarcely  necessary, 
because  that  variety  has  nearly  the  whole  series  and  most  of  them  in  a  more 
accentuated  form  than  the  other  types  thus  far  studied.  The  few  exceptions 
are  noted  beloAv. 

ADAPTATIONS  OF  RABIN AL  COTTON. 

1.  Prompt  bearing  after  cutting  back. 

2.  Very  hairy  stalks,  leaf  stems,  and  Involucral  bracts. 

3.  Closely  appressed  margins  of  involucral  bracts. 

4.  Involucral  bracts  grown  together  at  base. 
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ADAPTATIONS  OF  PACHON   I'OTTON. 

1.  luvolucral  bracts  margined  with  stiff  lucinia*  smd  bristles. 

2.  Calyx  large,  the  diviHions  slender  and  hairy. 

ADAPTATIONS  OF  SAN  LUCAS  SEA  ISLAND  COTTON. 

■ 

1.  Definite  seasonal  bearing. 

2.  Lint  confined  to  outer  half  of  seed. 
8.  Proliferation  in  buds. 

4.  Proliferation  in  bolls. 

ADAPTATIONS  OF  KIDNEY  COTTON. 

1.  Definite  seasonal  bearing. 

2.  Seeds  compacted  at  center,  covered  with  thick  layer  of  lint 

ADAPTATIONS   OF    UPLAND  COTTON. 

1.  Shedding  of  weevil-infestiHl  buds. 

This  la  the  only  weevil-resisting  character  in  which  the  Upland  varieties 
excel  tlie  Kekchi  cotton,  Imt,  as  already  explained,  the  habit  is  of  practical  use 
only  in  dry  climates.  The  Upland  cottons  share,  however,  a  lai^e  nunit>er  of 
the  adaptations,  though  in  a  less  degree  than  in  the  Kekchi.  Thus  there  is  pro- 
liferation l)oth  in  buds  and  in  l)olls,  the  stems  and  i)etioles  are  somewhat  hairy, 
the  habit  of  growth  is  somewiiat  reduced  from  the  tree-cotton  stage,  the  nec- 
taries are  often  large  and  active,  tlie  involucral  bracts  are  sometimes  well 
folded  together,  etc. 

And  now  that  the  possibility  of  weevil  resistance  has  been  shown, 
variations  may  be  found  in  all  probability  among  our  United  States 
varieties  which  will  enable  weevil-resisting  strains  of  the  Upland 
sorts  to  be  developed.  At  this  stage  of  the  inquiry  it  is  too  much  to 
hope  that  the  Kekchi  type  will  prove  to  be  adapted  to  the  wide 
diversity  of  conditions  to  be  found  in  the  cotton  belt.  Either  the 
Kekchi  or  the  native  cottons,  or  both,  are  likely  to  require  extensive 
modification  l)efore  the  full  value  of  the  weevil -resisting  adaptations 
can  be  realized. 

OONOLTTDINa  HEMABKS. 

The  protection  afforded  by  the  weevil-resisting  adaptations  is 
most  effective  at  the  two  ends  of  the  period  of  development,  but  con- 
tinues in  varying  degrees  from  the  young  bud  to  the  ripe  boll.  Under 
favorable  conditions  an  extremely  small  proportion  of  the  weevil 
eggs  develop  to  maturity.  Instead  of  a  single  attack  being  fatal  to 
a  bud  or  boll,  the  same  fruit  at  its  different  stages  may  resist  numerous 
punctures  and  egg-layings.  The  young  bud  is  protected  for  a  time 
by  the  closed  involucre.  After  the  weevils  have  gained  entrance  the 
first  egg,  and  often  the  second  or  third,  may  be  rendered  harmless 
through  the  proliferation  of  the  bud  in  its  younger  stages.  Pro- 
liferation becomes  less  certain  as  the  bud  increases  in  size,  but  if  egg 
laying  be  delayed  a  few  days  ten)  long  the  development  of  the  larvae 
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is  rendered  impossible  by  the  opening  of  the  flower.  Then  ensues 
another  i>eriod  of  immunity  while  the  withered  flower  remains  in 
place  and  while  the  bolls  are  stilltoo  small  to  be  attacked.  Between 
about  the  quarter  and  the  three-cjuarter  size  the  bolls  can  still  be 
parasitized,  though  proliferation  reduces  the  successful  attempts  to  a 
very  small  percentage.  But  after  the  lint  has  grown  out,  the  lining 
has  hardened,  and  the  walls  have  become  thick,  the  boll  is  well-nigh 
impregnable,  though  the  surface  may  be  roughened  by  a  dozen  or 
a  score  of  warts,  which  mark  the  location  of  as  many  persistent  but 
ineffectual  attempts  to  gain  entrance. 

As  an  instance  of  adaptive  specialization  the  cotton  plant  seems  des- 
tined to  a  very  high  rank.  The  development  of  such  a  series  of  pro- 
tective characters  can  scarcely  be  explained  except  upon  the  suppo- 
sition that  the  culture  of  cotton  in  Guatemala  is  extremely  ancient, 
and  of  this  there  are  many  other  indications. 

The  practical  utilization  of  these  protective  characters  in  the  cotton 
industry  of  the  United  States  may  require  the  solution  of  many  pre- 
liminary problems  of  acclimatization  and  adaptation,  as  well  as  of 
physiology  and  cultural  methods.  The  proliferation  characters,  for 
example,  appear  to  be  much  more  pronounced  in  some  varieties  than 
in  others,  but  they  are  also  affected,  probably  to  a  very  considerable 
extent,  by  conditions  of  climate  or  soil  which  check  the  growth  of 
the  plant  or  cut  down  its  water  supply  and  thus  reduce  the  normal 
turgidity  of  the  tissues.® 

The  weevil-resisting  characters  are  much  more  highly  developed  in 
the  variety  of  cotton  cultivated  by  the  Kekchi  Indians  of  eastern 
Guatemala  than  in  any  other  type  yet  known,  and  it  produces  ako 
large  bolls  and  lint  of  good  length  and  quality,  so  that  it  may  be  of 
value  in  the  United  States.  But  even  though  the  Kekchi  cotton  in 
its  present  form  should  prove,  for  any  reason,  not  to  be  adapted  to 
cultural  conditions  in  the  United  States,  it  demonstrates,  at  least,  the 
fact  that  the  Upland  type  of  cotton  is  capable  of  assuming  other 
characters  which  will  render  it  far  better  adapted  to  cultivation  in 
the  presence  of  the  boll  weevil  than  the  varieties  hitherto  grown  in 
the  United  States. 

•  That  the  transfer  to  Texas  wiH  not  destroy  the  proliferating  habit  of  the 
Kekchi  cotton  is  shown  by  the  foHowing  report  from  Mr.  MeLachlan: 

**  On  the  23d  of  August  Mr.  Kinsler  and  I  made  a  comparative  examina- 
tion of  four  varieties  of  cotton  at  Mackay,  Tex.,  to  determine  the  nature  of 
their  proliferation.  Rows  of  Kekchi  cotton  from  Seonnquim  and  Lanquin,  and 
two  of  native  Upland  varieties  (Parker  and  King)  were  compared.  The  results, 
in  brief,  are  that  in  squares  the  Kekchi  cotton  proliferated  much  more  readily 
than  did  the  native  varieties.  In  the  bolls  all  four  varieties  were  about  equally 
active  in  this  protective  adaptation.  The  extent  of  proliferation  in  the  Guate- 
malan bolls  was,  if  different  in  any  way,  somewhat  greater  than  in  the  native 
varieties." 
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No  end  is  in  sight  of  the  new  problems  and  adjustments  of  cotton 
culture  occasioned  by  the  invasion  of  the  weevils,  and  no  assurances 
can  be  given  in  advance  regarding  the  utility  of  the  weevil-resisting 
adaptations,  any  more  than  with  the  kelep,  or  so-called  ''  Guatemalan 
ant."  Both  have  a  present  value,  however,  in  proving  that  the  weevil 
is  no  invulnerable  dragon  which  it  is  hopeless  to  resist.  Instead  of 
having  no  enemies,  as  long  supposed,  the  weevil  is  regularly  preyed 
upon  by  the  active  and  efficient  kelep.  And  instead  of  there  being 
no  remedies  which  can  be  used  against  the  weevil,  it  is  now  found 
that  the  cotton  plant  itself  has  a  whole  series  of  weevil-resisting 
characters — a  whole  boll  weevil  armory,  as  it  were,  from  which  we 
may  select  and  sharpen  the  weapons  which  prove  best  suited  to  our 
purposes. 

The  weevil  period  of  each  year,  that  in  which  the  damage  is  done, 
extends  from  the  time  when  the  squares  are  large  enough  for  egg 
laying  to  the  period  when  a  full  crop  w^ould  normally  be  set.  If  the 
value  of  the  cotton  crop  be  divided  by  the  number  of  days  of  this 
period,  the  result  will  show  the  value  of  each  day  of  protection.  It 
has  been  estimated  by  Mr.  W.  D.  Hunter  that  the  boll  weevil  damaged 
the  cotton  crop  in  1904  to  the  extent  of  $20,000,000.  It  is  therefore 
a  very  conservative  estimate  that  w^hen  the  pest  shall  have  spread 
over  the  other  cotton-growing  States  the  damage  will  be  well  beyond 
a  million  dollars  a  day  for  the  growing  season^ — in  unfavorable  years 
probably  two  million  dollars  or  more  a  day.  Each  day  of  protection 
which  can  be  secured  by  the  utilization  of  weevil-resisting  adapta- 
tions will  have,  therefore,  very  definite  and  considerable  value,  so  that 
the  study  and  perfection  of  this  group  of  characters  are  sure  to  be 
the  objects  not  only  of  formal  scientific  study  on  the  part  of  special- 
ists but  of  general  interest  and  consideration  on  the  part  of  the  prac- 
tical cotton-growing  public 
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DESOBIPTION  OF  PLATES. 

Plate  I.  {Frontispiece.)  Valley  at  Seoanquim,  Alta  Vera  Paz,  Guatemala,  the 
scene  of  experiments  with  weevil-resisting  cotton. 

Plate  II.  Fig.  1. — Mature  plant  of  Kekchl  cotton,  to  show  small  sisse  and 
determinate  habits  of  growth,  compact  foliage,  and  long  basal  branches. 
Fig.  2. — Plant  shown  in  figure  1,  opened  to  show  numerous  large  bolls  and* 
habit  of  fruiting  on  basal  branches. 

Plate  III.  Involucres  of  Kekchi  cotton,  opened  to  show  external  and  internal 
nectaries,  bracts,  and  bractlets.     (Natural  size.) 

Plate  IV.  Fig.  1. — Involucres  of  Rabinal  cotton,  showing  connate  and  closely 
appressed  involucral  bracts.  (Natural  size.)  Fig.  2. — Open  involucres  of 
Egyptian  cotton.     (Natural  size.) 

Plate  V.  Fig.  1. — Young  buds  of  Kekchi  cotton,  showing  numerous  weevii  punc- 
tures. The  buds  were  split  in  half  so  that  the  full  number  of  punctures 
could  be  seen.  (Natural  size.)  Fig.  2. — Buds  of  Kekchi  cotton  (same  as 
fig.  1),  showing  successful  proliferations.     (Natural  size.) 

Plate  VI.  Large  buds  of  Kekchi  cotton,  the  distortion  indicating  proliferation. 
(Natural  size.) 

Plate  VII.  Weevil-infested  l)olls  of  Kekchi  cotton,  showing  larger  number  of 
punctures  along  the  middle  line  of  the  carpel,  where  the  oil  glands  are 
absent.     (Natural  size.) 

Plate  VIII.  Carpels  of  Kekchi  cotton,  showing  method  of  proliferation. 
(Natural  size.) 

Plate  IX.  Fig.  1. — Kekchi  cotton,  successive  stages  of  the  boll.  Fig.  2. — 
Kekchi  bolls  (right)  ;  King  bolls  (left),  to  show  comparative  size.  (Re- 
duced to  about  one-half  natural  size.) 

Plate  X.  Fig.  1. — Rabinal  cotton,  showing  foliage,  connate  bracts,  and  weevil- 
infested  bolls.  (Reduced.)  Fig.  2. — Bolls  and  seeds  of  Kidney  cotton, 
showing  oil  glands  and  protective  arrangement  of  lint  and  seeds. 
(Reduced.) 
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Adaptation,  discussion 68, 69 

explained  by  natural  selection 68 
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climatic  effect 10, 43, 44 
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Boll  weevils — Continued.  Paire. 

bacterial  diHeases  following  injurien 62 

behavior  in  absence  of  keleps 24 

on  foot 25 

within  bolls 59 

best  conditions  for  perpetuation 70 

change  of  habits 63 

destruction  by  chickens  and  turkeys 24 

determination  of  life  cycle  in  bolls  and  squares 64 

development  of  poUen-eatinff  habit 63 

diverse  habits  oi  males  and  females 27 

diversity  in  size 64 

effect  on  unprotected  cotton  field 36 

under  favorable  conditions 69 

•eggs,  fate 58 

exclusion  from  large  bolls 59 

feeding  in  bolls 61 

^neral  effect  on  cotton  plants 10 

in  fields  cultivated  by  Indians 35 

injuries  in  Guatemala 47 

injurious  nature  unknown  to  Indians 71 

mortality  in  spring 14 

not  attracted  by  nearest  relatives  of  cotton 69 

pollen  diet 65 

preference  for  upper  portion  of  plant 27 

selective  influence 10 

self-destruction 34 

short-season  varieties  of  cotton  for  control 22 

starvation 12, 14 

Bolls,  diseases  from  superfluous  nectar 28 

efficiency  of  adaptive  characters 61 

fed  upon  by  boll  weevils 61 

feeding  punctures 61 

infestation  by  weevils 65 

injured,  discoloration 56, 59, 62 

Kekchi  cotton,  description 16 

immunity 56 

linings  of  chambers,  toughness  as  protection  from  boll  weevil 56 

normal,  absence  at  Rabinal,  Guatemala 24 

oil  glands 53 

outer  walls,  proliferation , 58 

variation  in  thickness 56 

pendent,  discussion 27 

periods  of  immunity 74, 75 

position '. 27 

proliferation 59 

in  relation  to  that  of  buds 64 

protection 51 

unconscious  selection  for  uniform  ripening 11 
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weevil  punctures '. 61 

weevil-proof  lining 67 

young,  rapid  growth 55 

Bractlets  of  involucre 33 

Bracts,  appressed  margins 38 

dimensions 40 

flaring 40 

involucral,  grown  together 37 

hairy  margins 41 

laciniae. 43 

of  Kekchi  cotton 16 

protective  feature  of  large  size 39 

Branches,  long  basal,  disadvantages  of 20 

of  Kekchi  cotton 19 

of  cotton,  compared  with  thoHt*  of  otht»r  plants 19 

dimorphic 19 
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parasitized,  l:)ehavior 43 
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superfluous 21 
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Cajabon,  Guatemala,  cotton  grown  in  vicinity 15 
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Chickens,  Soil  weevil  destroyers 24 
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effects  on  adaptations 10, 43, 44 
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Cluster  cotton,  discussion 28 
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variety  of  King  cotton 17 
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Cold,  effect  on  tropical  varieties 18 
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Conscious  selection 70 
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stimulus  of  new  conditions 17 
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secured  through  nectar 29 

Cuba,  native  cottons 23 
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on  Pacific  slope  of  Guatemala 70 

Mexico 45 
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Early  planting,  discussion 13 
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Egyptian  cottons,  immunity  from  bollworm 53 

involucral  bracts 37 

less  hairy  than  Upland  varieties 25 

not  immune  to  boll  weevil ' 1 . .  42 

oil  glands 53 

of  American  origin 9 

precocious  in  Guatemala 17 

preference  of  weevils 26 

proliferation .-. . .  50 

suscei>tibility  to  injurv 42 

Environment  not  actuating  cause  of  evolutionarv  change 68 

Evolution,  illustration  of  influence  of  natural  selecticm 71 

Evolutionary  origin  of  external  nectaries 31 

Fertilization,  discussion 52 

prevention  by  rain 21 

Field  cultures,  faihire  in  plateau  region  of  Guatemala 25 

Flower  bud,  position .- 20 

Flowering  period,  short 23 

Flowers,  tadure  of  pollination 51 

keleps  imprisoned 29 

of  Kekchi  cotton,  color 54 

Kidney  cotton,  color 53 

opening,  effect  on  larvje 47, 63 

persistence 51 

position 27 

Foliage,  compact,  effect  on  keleps 26 

Fo(k1,  change,  advantage  to  plants  and  animals 26 

Fungi,  growth  in  nectaries 30 

Germination,  cotton  seed  in  (Guatemala 15 

(rossypium  barhmlenscy  origin 8 

hcrbaceum,  Asia  Minor  varieties 53 

confusion  with  G.  hirsuttim 9 

nectaries 31 

perufiarmmy  specific  validity 67 

(irowth,  alternating  ])eriod8  in  tropical  plants 23 

utility  of  acceleration 55 

Guatemala,  central  plateau 24 

eastern,  climate 12 

methcKls  of  cotton  culture 19, 70 

nature  of  the  country 15 

field  experiments 34 

imi)ortation  of  foreign  thread 24 

Indian  methods  of  cultivation 12 

western,  cotton 25, 70 

Guatemalan  conditions,  effect  on  United  States  varieties 17 

cottons,  preference  of  keleps 25 

Hairs,  cotton  plant,  assintance  to  keleps 25 

Hairy  (luatemalan  varieties  of  cotton 25 

gtalks  and  leaf  stems  of  cotton 25 

Heredity,  mechaniwn , 68 

Hibiscus,  involucral  appendages  of  fipecies 33 

nectaries  of  species 32 

sj)ecies  not  attractive  to  boll  weevil 69 
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Howard,  L.  O. ,  observations 45 

Humid  districts,  behavior  of  cotton 43, 44 

Hunter,  W.  D.,  observations 14, 25, 42, 43, 44, 48, 55, 61, 64, 76 
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PREFACE. 


In  connection  with  the  work  of  Drug-Plant  Investigations  many 
inquiries  are  received  from  various  parts  of  the  countrj^  asking  for  a 
list  of  the  drug-producing  plants  of  the  regions  concerned  and  for 
information  as  to  the  parts  of  the  plants  used  in  medicine,  etc.  It 
being  impossible  to  comply  with  requests  of  this  nature  in  any  satis- 
factory way.  Miss  Henkel  was  asked  to  compile  a  list  of  the  drug 
plants  of  this  country,  using  as  a  basis  the  catalogues  of  dealers  in 
cnide  drugs  and  the  standard  works  on  systematic  botanj".  It  has 
.seemed  from  an  inspection  of  these  lists  and  of  much  current  phar- 
maceutical literature  that  the  recent  changes  in  botanical  nomenclature 
have  succeeded  one  another  too  rapidly  to  permit  the  drug  dealer  and 
the  pharmacist  to  keep  pace  with  them.  This  has  resulted  in  consider- 
able confusion  in  regard  to  botanical  names,  and  in  some  cases  in  the 
matter  of  the  common  names  of  drug-producing  plants.  In  such  a 
list  as  that  herewith  presented  the  opportunity  for  helping  to  clear  up 
this  situation  has  seemed  worth  improving.  The  recent  appearance 
of  the  new  Pharmacopcjeia,  in  which  the  botanical  nomenclature  has 
been  revised,  has  seemed  to  emphasize  the  desirability  of  making  this 
attempt,  since  the  names  in  the  (5ase  of  oflScial  plants  will  be  fairly 
definitely  fixed  among  phannacists  for  the  next  ten  years.  In  the 
accompanying  list  the  phaiinacopoeial  names  are  given  and  a  revision 
of  the  nomenclature  of  the  unofficial  drugs  is  also  presented.  Mr. 
Frederick  V.  Coville,  Botanist,  has  kindly  revised  the  botanical  names 
used  in  this  publication. 

It  is  hoped  that  this  compilation  will  tend  to  unify  usage  among 
those  who  have  to  do  with  crude  drugs  and  drug  plants. 

Rodney  H.  True, 

PhyHiohxjlfit  in  Charqe 

Office  of  Drug-Plant  Investigations, 

Wmh'mgion,  D,  C,  ()ctoh>r  m,  1905. 
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WILD  MEDICINAL  PLANTS  OF  THE  UNITED 

STATES. 


In  the  preparation  of  this  bulletin  only  such  wild  medicinal  plants 
a.s  have  a  commercial  value  were  considered;  that  is,  such  as  were 
usuall}'  mentioned  in  the  trade  lists  of  drug  dealers  throughout  the 
country.  Plants  that  were  found  listed  by  only  one  or  two  firms 
have  been  omitted. 

I^th  official  and  nonofficial  drugs  are  included  in  this  list.  A  num- 
ber of  drug  plants  that  were  official  in  the  United  States  Pharmacopoeia 
for  1890  have  been  dropped  from  the  Eighth  Decennial  Revision 
(1900),  which  became  official  on  September  1,  1905,  and  a  few  new 
ones  have  been  added.  In  this  bulletin  the  drugs  that  were  official  in 
the  Pharmacopoeia  for  1890  are  so  indicated,  while  those  of  the  new 
edition  are  marked  simply  ^^  official." 

In  the  following  list  the  information  on  each  species  is  given  under 
the  accepted  botanical  name.  This  name  and  that  of  the  family  to 
which  the  plant  belongs  occupy  the  first  line  of  the  dcvscription.  Botan- 
ical synonyms,  if  any,  are  mentioned,  and  these  are  followed  in  the 
next  line  bv  the  most  common  names.  A  few  words  of  information 
indicating  the  most  important  features  of  habit  and  stature,  as  well  as 
the  sort  of  situation  in  which  found,  together  with  the  geographical 
distribution  in  the  United  States,  are  then  given  in  each  case.  This 
information  is  too  meager  for  the  identification  of  the  plants  concerned 
in  all  cases,  but  it  was  impossible  within  the  space  limits  of  a  publica- 
tion such  as  this  to  include  more  descriptive  matter.  The  parts  of  the 
plants  used  and  the  official  status  of  the  product  close  the  description. 
Unless  otherwise  indicated,  the  products  mentioned  are  used  in  the 
dried  state. 

Abies  balsaxnea  (L.)  MilL  Pine  family  (Pinaceae). 

Balsam-fir;  Canada  balsam  tree. 

Slender,  evergreen,  native  tree,  50  to  60  feet  high,  occurring  in  damp  woods  from 
Newfoundland  to  the  high  mountains  of  southwestern  Virginia,  west  to  Min- 
nesota, and  northward. 

ParU  used. — Balsam,  known  bs  Canada  turpentine,  Canada  balsam,  or  balsam  of 
fir  (oflftcial);  also  bark  (nonoflicial). 
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Abiea  canadensis  Michx.     Same  as  Tmga  canadensis, 

Abies  nigra  Desf.     Same  afi  Picea  mariana. 

Abecess-root.    See  Polemonium  reptans. 

Absinth.     See  Artemisia  absinthium. 

Absinthium.     See  Artemisia  absinthium,    . 

Acacia,  false.     See  Robinia  pseudacada, 

Acer  rubruxn  L.  Maple  family  (Aceraceae). 

Red  maple;  swamp-maple. 

Ijarge,  native  tree,  often  120  feet  in  height,  growing  in  swamps  and  low  grounds 
from  Canada  to  Florida  and  Texas. 

Part  used. — Bark  (nonofficial.) 

Achillea  millefolium  L.  Aster  family  ( Aateraceae). 

Yarrow;  milfoil;  thousandleaf. 

Perennial  weed,  10  to  20  inches  high,  common  in  fields  and  waste  places  nearly 
throughout  the  United  States,  especially  eastward;  naturalized  from  Europe 
and  Asia. 

Part  used. — Herb  (nonoflBcial). 

Acorus  calamus  L.  Anun  family  (Araceae). 

Calamus;  sweet-flag. 

Native,  herbaceous  perennial,  about  2  feet  high,  found  in  wet  and  mudd^  placet^ 
and  along  streams  from  Nova  Scotia  to  Minnesota,  southward  to  Florida  and 
Texas. 

Part  used, — ^tJnpeeled,  dried  rhizome  (official). 

Actaea  alba  (L.)  Mill.  Crowfoot  family  (Ranunculaceae). 

White  cohosh;  white  baneberry;  necklace- weed;  rattlesnake-herb. 

Native,  perennial  herb,  1  to  2  feet  high,  found  in  rich  woods  from  Nova  Scotia 
to  Georgia  and  Missouri,  and  northward;  most  common  from  Indiana  and 
Kentucky  to  Pennsylvania  and  New  York. 

Parts  used. — Rhizome  and  rootlets  (nonoflBcial). 
Adaea  racemosa  Ij.     Same  as  Cimicifuga  racemosa. 

Actaea  rubra  (Ait.)  Willd.  Crowfoot  family  (Ranunculaceae). 

Synonym. — Actaea  spicata  var.  rubra  Ait. 

Red  cohosh;  re<l  baneberry;  rattlesnake-herb. 

Native,  perennial  herb,  1  to  2  feet  high,  found  in  woods  from  Nova  Si'otia  to  the 
Middle  States,  west  to  the  Rocky  Mountains;  most  abundant  from  New 
England  to  Ontario. 

Parts  used. — Rhizome  and  rootlets  (nonofficial). 
Actaea  spicata  var.  ruttra  Ait.     Same  as  Actaea  rubra. 
Adam-and-Eve.     See  Apledrum  spicatum. 
Adder's-tongue,  yellow.     See  Erythronium  americanum. 

Adiantum  pedatum  L.  Fern  family  (Polypodiaceae). 

Maidenhair-fern. 

Native  fern,  9  to  15  inchen  high,  growing  in  rich  moist  soil  in  woods  in  C'anada 
and  almost  all  part»«  of  the  United  States. 

Part  used. — Herb  (nonofficial). 

AesculuB  glabra  Willd.  Buckeye  family  (Aesculaceae). 

Ohio  buckeye;  fetid  buckeye;  smooth  buckeye. 

Small,  native  tree.  20  to  40  feet  in  height,  found  in  wofxls  and  on  river  bank^ 
from  Pennsylvania  south  to  Alal)ama,  westwani  to  Michigan  and  the  Indian 
Territorv. 

Parts  used, — Bark  and  fruit  (nonofficial). 
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Aeaculiis  hippocastanum  L.  Buckeye  family  ( Aesculaceae). 

Horee-che8tnut. 

Large  tree,  60  feet  or  more  in  height.  EHcaped  from  cultivation,  southeastern 
New  York  and  New  Jersey.     Native  of  Asia. 

ParOf  u^ed. — Bark  and  fruit  fnonofRcial). 

Afterbirth-weed.     See  Stylonanthes  hiflora. 

Affrimonia  eupatoria  (of  American  authors,  not  L. ).     Same  as  Agrimonia  hirmiia. 

A^rimonia  hirsuta  (Muhl.)  Bicknell.  Rose  family  (Boaaceae). 

Synonym, — Agrimonia  eupatoria  of  most  American  authors,  not  L.« 

Agrimony;  tall  hairy  agrimony. 

Perennial  herb,  8  to  4  feet  high,  found  in  woods  and  thicrkets  from  New  Bruns- 
wick to  Minnesota  and  Nebraska,  south  to  North  Carolina;  also  in  California. 
Native. 

Partvsed. — Herb  (nonofticial). 

Agrimony.     See  Ayrimmiia  hirsuia. 

Agrimony,  tall  hairy.     See  Agrimonia  hirHula. 

AgTopyron  repena  (L.)  Beau  v.  Grass  family  (Poaceae). 

Synonym. — Trilicum  repens  Beauv. 

Triticum;  couch-grass;  dog-grass;  (juack-grass. 

A  troublesome  grass  in  cultivated  land  from  Maine  to  Maryland,  west  to  Minne- 
sota and  Missouri;  sparingly  distributed  in  the  South.  Introduce  from 
Europe. 

Part  used, — Rhizome,  gathered  in  spring  (ofilcial). 

Ague-tree.     See  Sa^mfras  variifolium. 

Agueweed.     See  Eupatorium  perfoliatutn  and  Gentiaiui  (piimpiejoliu. 

Alder,  black.     See  Ilea-  rerticillata. 

Abler,  iH:)mmon.     See  Alnus  rugosa. 

Abler,  red.     See  Alnus  rugom. 

Alder,  smooth.     See  Alnu»  rugona. 

Alder,  tag-.     See  Alnus  rugosa, 

Aletris  farinosa  I^.  Lily  family  (Liliaceae). 

Star-grass;  false  (not  true)  unicorn-root;'^  colic-rcK)t. 

Native,  perennial  herb,  2  to  3  feet  high;  in  dry,  sandy  soil  from  Maine  to  Minne- 
sota, south  to  Florida  and  Tennessee. 

Part  used. — Rhizome  (nonofficial),  gathered  after  the  plant  has  flowered. 

Allspice,  Carolina.     See  Butneria  florida. 

Allspice,  Florida.     See  Butm^ria  ftorido. 

Allspice,  wild.     See  Benzoin  benzoin. 

Alnus  rugosa  (Du  Roi)  K.  Koch.  Birch  family  (Betulaceae). 

Synonym. — Alnus  serrulata  Willd. 

Tag-alder;  common  alder;  red  abler;  smooth  alder. 

Native  shrub,  or  sometimes  a  small  tree,  occurring  in  swamps  and  marshy  bor- 
ders of  streams  from  the  New  England  States  west  to  Mmn&<^ota  and  south- 
ward to  Florida  and  Texas. 

Part  used. — Bark  (nonoflicial). 


a  AccordinK  to  Blrknell  (Bill.  Torr.  Hot.  Club,  23 :  ri{)8-52o,  1896).  the  name  Agrimonm  nmatoria  L.. 
loDR  used  in  local  floras  and  text-book.s  for  the  acrimony  of  the  Eastern  States,  has  been  (loinK  duty 
for  a  group  of  related  species,  of  whieh  at  least  five  are  now  clearly  recognized.  Furthermore,  Doctor 
Britton  (Bui.  Torr.  Bot.  Club.  18:3<k),  1891)  slates  that  the  tnic  Agrhmmia  mpatoria  is  not  known  at 
all  as  an  American  plant.  The  native  plant  to  which  the  name  Affrimonia  eupatoria  ha^s  been  most 
frequently  applied  by  American  authors  is  Afjrimon'm  hirnnta  (Mnhl.)  Bicknell. 

6 The  name  "true  unicorn-root"  has  long  been  applied  to  AlftriA  farinoaa,  but  as  "unicom-root" 
wft«  th6  common  name  tirst  Riven  to  Chamadirium  (utrum  (Ilelonias  dioica).  this  should  more  prop- 
erly be  called  the  true  unicoru-root  and  Aletrin  /arinosa  the  false  unicorn-root. 
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Alnus  semUata  Willd.     Same  aa  Alnug  migom. 

Alsine  media  L.  Pink  family  (Silenaceae). 

Synonym. — SteUaria  media  Cyr. 

Common  chickweed. 

Small,  annual  herb,  probably  introduced  from  Europe,  and  now  common  in 
fields  and  around  -dwellings  throughout  the  United  States. 

Part  used. — Herb  ( nonofficial) . 
Althaea.    See  Althaea  officinale. 
Althaea  officinalis  L.  Mallow  family  (Malvaceae). 

Althaea;  marshmallow;  sweatweed;  mortification-root. 

Perennial  herb,  2  to  4  feet  high,  naturalized  from  Europe;  occurs  in  salt  marshes, 
coast  of  Massachusetts  and  New  York,  and  in  Pennsylvania. 

Parts  vsed. — Root  from  plants  of  second  year's  growth,  deprived  of  the  |jeridomi 
(ofiicial);  leaves  and  fiowers  (nonofficial)  are  also  used. 

Alum-root.     See  Geranium  maculatum  and  Heuchera  americana. 

Ambrosia  artemisiaefolia  L.  Ragweed  family  (Ambrosiaceae). 

Roman  wormwood;  ragweed;  hogweed;  stammerwort. 

Coarse,  native  weed,  annual,  1  to  3  feet  high;  in  waste  places,  eastern  Unite<l 
States,  west  to  British  Columbia  and  Mexico. 

Part  used. — Herb  (nonofiicial). 

Ampelopsis  quinqnefoiia  Michx.     Same  as  Parthenocissus  quirufuefolia. 

Amy-root.     See  Apocynuin  cannabinum. 

Anagallis  arvensis  L.  Primrose  family  (Primulaceae) . 

Red  chickweed;  red  pimpernel;  scarlet  pimpernel;  shepherd's-weatherglaHs. 

Low,  spreading,  annual  herb,  naturalized  from  Europe,  and  growing  along  road- 
sides and  in  fields  almost  throughout  the  United  States. 

Part  used.  — Herb  ( nonofficial ) . 

Anaphalis  margaritacea  (L. )  Benth.  <&  Hook.         Aster  family  (Asteraceae). 

Synonyms, — Gnaphalinm  margaritaceum  L. ;  Anteunaria  margaritacea  Hook. 

Everlasting;  pearly  everlasting;  large-flowered  everlasting;  cotton  weed. 

White-hairy  or  woolly  perennial  herb,  native  in  dry  soil  from  Newfoundland  t<> 
Alaska,  south  to  North  Carolina  and  California. 

Pari  used. — I..eaves  (nonofficial). 

Andromeda  arborea  L.     Same  as  Ojrydendrani  arboreum. 

Anemone  patens  var.  nuttalliana  A.  Gray.     Same  as  IhilmiiUa   hirsutissima. 

Angelica,  American.     See  Angelica  atropurpurea. 

Angelica  atropurpurea  L.  Parsley  family  (Apiaceae). 

Synonym. — Archangel ica  atropurpurea  Hoffm. 

Purple-stemmed  angelica;  American  angelica;  masterwort. 

Tall,  stout,  perennial  herb,  4  to  6  feet  high;  native  in  swamps  and  damp  plactf*a 
from  Labrador  to  Delaware  and  west  to  Minnesota. 

Parts  used. — Root  and  seeds  (nonofficial). 

Angelica,  purple-ntemmed.     See  Angelica  atropurpurea. 

Anise- root.     See  Washingtouia  longislylis. 

Aniennaria  margaritacea  Hook.     Same  aa  Anaphalis  margaritacea. 

Anthemis  cotnla  L.  Aster  family  (Asteraceae). 

Synonym. — Manila  rotula  DC. 

Mayweed;  dog-fennel;  fetid  camomile  (or  chamomile). 

Strong-scented,  annual  herb,  naturalized  from  Euroi>e;  ixicurs  in  dry  soil,  fields, 
waste  places,  and  along  roadsides  almost  throughout  North  America,  witii 
the  exception  of  the  extreme  North, 

Part  used, — Herb  (nonofficial). 
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ApUctTum  hyemale  Nutt.     Same  a£i  Aplectrum  spicatum.  , 

Aplectnim  spicatum  (Walt.)  B.  iS.  P.  Orchid  family  (Orchidaceae). 

Stfuonym. — Aplectrum  hyemale  Nutt. 

Adam-and-Eve;  putty-root. 

Native  herb,  perennial,  1  to  2  feet  high;  in  rich  wockIs  and  swanifM  from  Canacia 
to  Georgia  and  California. 

Part  %i8ed. — Root  (nonoflicial). 

Apocynum.     See  Aporynum  cannahinum. 

Apocynum  androsaemifolium  L.  Dogbane  family  ( Apocynaceae) . 

Bitterroot;  spreading  dogbane;  honeybloom. 

Perennial  herb,  1  to  4  feet  high,  native  in  fields  and  thickets  from  Canada  south 
to  Georgia  and  Arizona.  Tne  most  common  species  in  Canada  and  the  North- 
eastern States. 

Pari  xAsed. — Root  (nonofficial). 

Apocynuxn  cannabinum  L.  Dogbane  family  (Apocynaceae). 

Apocynum;  Canadian  hemp;  black  Indian  hemp;  amy-root. 

Perennial  herb,  2  to  3  feet  high,  Dative  in  moist  ground  and  borders  of  fields 
throughout  the  United  States. 

Part  uged. — Rhizome  of  this  or  of  closely  allied  species  of  Apocynum  (official). 

Apple,  custard-.     See  Asimiiia  triloba. 

Apple,  May-.     See  Podophyllum  peltaturn. 

Apple,  thorn-.     See  Datura  stramonium. 

Apple-of-Peru.     See  Datura  stramonium. 

Aquilegia  catiaderms  L.     See  under  Aquilegia  mdgaris. 

Aquilegia  vulgaris  L.  Crowfoot  family  (Banunculaceae) . 

European  columbine;  garden-columbine. 

Perennial  herb,  with  showv  flowers.  Naturalized  from  Europe,  and  well  known 
in  cultivation;  escaped  from  gardens  into  woods  and  fields;  frequent  in  the 
E^kstern  and  Middle  States.  The  wild  columbine  {Aquilegia  canadensis  1^.)^ 
occurring  in  rocky  woods  throughout  Canada  and  the  eastern  United  States, 
is  said  to  possess  properties  similar  to  those  of  the  European  columbine. 

Part  used. — Herb  (nonofficial). 

Aralia  hispida  Vent.  Ginseng  family  (Araliaceae). 

Dwarf  elder;  wild  elder;  bristly  sarsaparilla. 

Erect,  leafy  perennial,  1  to  3  feet  high,  native  in  sandy  woods  and  fields  from 
Labrador  south  to  North  Carolina,  west  to  Minnesota  and  Indiana. 

Part  used. — Root  (nonofficial). 

Aralia  nudicaulis  L.  Ginseng  family  (Araliaceae). 

American  sarsaparilla;  wild  sarsaparilla;  false  sarsaparilla;  Virginian  sarsapa- 
rilla; small  spikenard. 

Herbaceous  perennial,  native,  growing  in  moist  wooils  from  Newfoundland  west 
to  Manitoba  and  south  to  North  Carolina  and  Missouri. 

Part  used.  —Root  ( nonofficial ) . 

Aralia  racemosa  L.  Ginseng  family  (Araliaceae). 

Indian-root;  spikenard;  American  spikenard;  spignet. 

Herbaceous  perennial,  native,  3  to  6  feet  high,  growing  in  rich  woods  and  rocky 
places  from  Canada  to  (ieorgia,  west  to  Minnesota  and  Missouri. 

Part  used. — Root  (nonofficial). 
Arbor-vitae.     See  Thuja  occidentalis. 
Arbutus,  trailing.     See  Epigaea  repens. 
Archangelica  atropurpurea  Hoffm.     Same  as  Angelica  atropurpurea. 
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Arctium  lappa  L,  Aster  family  (Asteraceae). 

Synonym. — Lappa  major  Gaertn. 

Lappa;  burdock;  cockle-button;  beggars' -buttons;  bardane. 

Coarse,  biennial  weed,  4  to  9  feet  high,  introduced  from  the  Old  World,  and 
occurring  along  roadsides  and  in  fields  and  waste  places  in  the  Eastern  and 
Central  States. 

^aris  used. — Root  of  this  or  of  other  species  of  Arctium  collected  from  plants  of 
first  year's  growth  (official).  The  fresh  leaves  and  the  seeds  are  also  ujkhI 
(nonofficial). 

ArctostapliyloB  glauca  Lindl.  Heath  family  (Ericaceae). 

Manzanita. 

A  shrub-like  tree,  9  to  25  feet  high,  growing  in  California,  in  dry,  rocky  dis- 
tricts on  the  western  slopes  of  the  Sierras. 

Part  used. — Leaves  (nonofficial).  , 

Arctostaphylos  uva-urai  (L.)  Spreng.  Heath  family  (ISricaoeae). 

Uva-ursi;  bearberry;  upland-<'ranberry. 

Low^  evergreen  perennial,  with  trailing  stems,  native  in  rocky  or  dry,  sandy 
soils  from  the  Middle  Atlantic  States  aorth  to  Labrador,  westward  to  Califor- 
nia and  Alaska. 

Part  used. — Leaves  (official). 

Ariaaema  triphyllum  (L.)  Torr.  Arum  family  (Araceae). 

Synonym. — Arum  triphyllum  L. 

Indian  turnip;  wild  turnip;  wake-robin;  Jack-in-the-pulpit 

Native,  perennial  herb,  10  inches  to  3  feet  high,  found  in  moist  woods  from 
Canad!a  to  Florida,  west  to  Kansas  and  Minnesota. 

Part  used. — Partially  dried  corm  (nonofficial). 

Ariatolochia  reticulata  Nutt.  Birthwort  family  ( Aristolochiaceae ) . 

Serpentaria;  Texas  serpen taria;  Texas  snakeroot;  Red  River  snakeroot. 

Perennial  herb,  about  1 J  feet  in  height,  native  in  the  Southwestern  States,  occur- 
ring on  river  banks  from  Arkansas  tio  Louisiana. 

Parts  used. — Rhizome  and  roots  (official). 

Aristolochia  serpentaria  L.  Birthwort  family  (Aristolochiaceae). 

Serpentaria;  Virginia  serpentaria;  Virginia  snakeroot. 

Native,  perennial  herb,  10  inches  to  3  feet  high,  found  in  rich  woods  from  Con- 
necticut to  Michigan  and  southward. 

Parts  used. — Rhizome  and  roots  (official). 

Arrowwood.     See  Viburnum  dentatum. 

Arrowwood,  Indian.     See  Euonymus  atropurpureus. 

Artemisia  abrotanum  L.  Aster  family  (Asteraceae). 

Southernwood. 

Shrubby,  perennial  herb,  about  2  to  4  feet  in  height,  occurring  in  waste  places 
from  Mawtftchusetts  to  Nebraska.     Adventive  from  Europe. 

Part  used. — Herb  (nonofficial). 

Artemisia  absinthium  L.  Aster  family  ( Asteraceae ) . 

Absinthium;  wormwcKxl;  absinth. 

Shrubby-,  perennial  herb,  2  to  .S  feet  high,  naturalized  from  Europe,  and  occur- 
ring in  waste  places  and  ahmg  roadsides  from  Newfoundland  to  New  York  and 
westward. 

Parts  used. — Leaves  and  tops  (official  in  I^.  S.  P.  1890). 

Artemisia  vulgaris  L.  Aster  family  (Asteraceae). 

Common  mug  wort. 

Perennial  herb,  1  to  3 J  feet  high,  naturalized  from  Europe;  found  in  w^a^^^ 
places.  Nova  Scotia  to  the  Middle  States  and  westward  to  Michigan. 

Part  used. — Herb  (nonofficial). 
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Arum  (riphyUum  L.     Same  as  Arisaema  triphyllum. 

ABakTum  canadense  L.  Birthwort  family  ( Ariatolochiaceae). 

Canada  snakeroot;  wild  ginger;  Indian  ginger. 

Perennial  herb,  about  1  foot  in  height,  native  in  rich  woods  from  Canada  to 
North  Carolina  and  Kansas. 

Parts  iiged. — Rhizome  and  rootlets  (nonofficial). 

AsH'lepias.     See  Asclepias  tut)eros(i. 

Asclepiwi  comuli  Dec.     Same  as  Asciepias  m/riaca. 

Asclepias  incamata  L.  jBCilkweed  family  (Asclepiadaceae). 

White  Indian  hemp;  swamp-milkweed;  swamp-si  Ik  weed;  rose-colored  silk  weed. 

Perennial  herb,  2  to  4  feet  high,  native  in  swamps  from  Canada  to  Tennessee  and 
Kansas. 

Part  used.-^'Eioot  (nonoflicial). 

AsclQpias  syriaca  L.  Milkweed  family  (Asclepiadaceae). 

Synonym. — Asciepias  comuti  Dec. 

Common  milkweed;  silkweed. 

Perennial  herb,  3  to  5  feet  high,  native  in  fields  and  waste  places  from  Canada 
to  North  Carolina  and  Kansas. 

Part  used. — Root  (nonofficial).  ^ 

Asciepias  tuberosa  Ll  Milkweed  family  (Asclepiadaceae). 

Asciepias;  pleurisy-root;  butterfly- weed;  Canada-root;  whiteroot. 

Native,  perennial  herb,  1  to  2  feet  high,  growing  in  dry  fields  from  Canada  to 
Florida  and  Arizona;  most  abundant  southwaixl. 

Part  used.—Rooi  (official  in  U.  S.  P.  1890). 

Ash,  American  mountain-.     See  Sorbus  americana. 

Ash,  black.     See  Fraxinus  ni^ra. 

Ash,  cane-.     See  Fraxinus  americana. 

Ash,  hoop-.     See  Frauinus  nigra. 

Ash,  prickly.     See  Fagara  dava-herrulis  and  Xanihoxylum  americanum. 

Ash,  wafer-.     See  Ptelea  trifoliata. 

Ash,  white.     See  Fraxinus  americana. 

Asimina  triloba  (L.)  Dunal.  Custard-apple  family  (Anonaceae). 

North  Amencan  pawpaw;  custard-apple. 

Small,  native  tree,  growing  in  rich  soil  along  the  banks  of  streams  from  New 
York  to  Michigan  and  southward.     Most  common  in  the  Ohio  Valley. 

Part  used. — Seed  (nonofficial). 

AifpeUf  American.     See  Populus  tremuloides. 

Aspen,  quaking.     See  Populus  tremuloides. 

Aspidium.     See  Dryopterisfilijc-mas  and  D.  marginalis. 

Aspidium  JUix-mas  Sw.     Same  as  Dryopleris  jUix-mas. 

Aspidium  marginale  Sw.     Same  as  Dryopteris  marginalia. 

Asplenium  filix-foemina  (L. )  Bernh.     H&me  rs  AthyriumJUix-foemina. 

Aster  puniceus  L.  Aster  family  (Asteraceae). 

Red-stalked  aster;  cocash;  meadow-scabish. 

Perennial  herb,  with  stout,  reddish  stem,  3  to  8  feet  high,  native;  in  swamps 
and  on  banks  of  streams,  Nova  S(;otia  to  Minnesota,  south  to  North  Carolina, 
Ohio,  and  Michigan. 

Part  used. — Root  (nonofficial). 
Aster,  red-8talke<l.     See  Aster  puniceus. 
Asthma- weed,  Queensland.     Hee  Euphorbia  pilulifera. 
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Athyrium  filiz-foemina  (L. )  Roth.  Fern  family  (Polypodiaceae). 

Synonym, — Asplenium  JUir-foemina  (L.)  Bemh. 

Backache-brake;  female-fern;  lady-fern. 

Native  fern,  with  leaves  1  to  3  feet  long;  in  woods  and  thickets,  Canada  to 
Alaska,  southward  to  Florida  and  Arizona. 

Part  used. — Rhizome  (nonofficial). 
Avens,  purple.     See  Geiim  rir-ale. 
Avens,  water-.     See  (reum  rivai^. 

Backache-brake.     See  Athyrium  Jilis-foemina. 
Backache-root.     See  Lacinaria  spicata. 
Balm.     See  Melism  officinalis. 
Balm,  bee-.     See  Monarda  didyma. 
Balm,  field-.     See  Glecoma  hederacea. 
Balm,  garden-.     See  MelisMt  officincdvi. 
Balm,  horse-.     See  Collinsonia  canadensis. 
Balm,  lemon-.     See  Melissa  officinalis. 
Balm,  mountain-.     See  Eriodictyon  califomirum. 
Balm,  scarlet.     See  Monarda  didyma. 
Balm,  sweet.     See  Melissa  officinalis. 
Balm-of-CHlead.     See  Populus  candicans. 
Balmony.     See  Chelone  glabra. 
Balsam,  sweet.     See  Gnaphalium  ohtwsifoiinm. 
Balsam  tree,  Canada.     See  Alms  balsamea. 
Balsam,  white.     See  Gnaphalium  ohtagifolium. 
Balsam-fir.     See  Abies  balsamea. 
Baml)oo-brier.     Bee  Smilax  pseudo-china. 
Baneberry,  red.     See  Aclaea  rubra. 
Baneberry,  white.     See  Aclaea  alba. 

Baptiaia  tinctoria  (L.)  R.  Br.  Pea  family  (Fabaceae). 

Wild  indigo;   yellow  indigo;   American    indigo;   indigo-weed;    horsefly-weed. 

Native,  perennial  herb,  2  to  3  feet  high,  growing  in  dry,  poor  soil  from  Maine 
to  Minnesota,  south  to  Florida  and  Louisiana. 

Parts  used. — Root  and  leaves  (nonofficial). 
Barberry,  holly-leaved.     See  Berberis  aipiifolium. 
Banlane.     See  Arctium  lappa. 
Bass  wood.     See  Tilia  americana. 
Bay,  rose-.     See  Rhododendron  maximum. 
Bay,  sweet.     See  Magnolia  virginiana. 
Bay,  white.     See  Magnolia  virginiana. 
Bay  berry.     See  Myrica  cerifera. 
Bean,  bog-.     See  Menyanlhes  trifoliala. 
Bean,  buck-.     See  Menyanlhes  trifoliala. 
Bean,  hog's-.     See  Hyoscyamus  niger. 
Bearberry.     See  Ardostaphylos  uva-ursi. 
Bearberry-tree.     See  Rhamnns  purshiana. 
Bear' 8-foot,  yellow.     See  Polymni/t  vredalia. 
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Bear's-weed.     See  Enodictijon  cali/ornicum. 

Beaver-poison.     See  Cicuta  ma<nilata. 

Beaverroot.     See  Nymphaea  adrena. 

Beaver-tree.     See  Magnolia  nrginiana. 

Bedstraw.     See  Galium  aparive. 

Bee-balm.     See  Monarda  didyma. 

Beech,  American.     See  Fagvs  americana. 

Beechdrope.     See  LepUimnium  virginianvm. 

Beechnut- tree.     See  Fagus  americana. 

Bee-plant.     See  Scrophularia  marihindim. 

Beggars' -buttons.     See  Arctium  lapjxt. 

Bell  wort,  perfoliate.     See  Vi'ularia  })erfoliata. 

Benjamin-bush.     See  Benzoin  Inrnzoin. 

Bennet.     See  Pimpinella  msifraga. 

Benzoin  benzoin  (L.)  Coulter.  Laurel  family  (Lauraceae). 

Synonyms. — Laurus  lyenzoin  L.;  Liudera  /><7?::am  Meispn. ;  Benzoin  odorifemm  Nees. 

Spicebush;  feverbush;  Benjamin-bush;  wild  allspice;  spicewood. 

Indigenous  shrub,  5  to  12  feet  high;  in  damp,  t^had^'  woods,  and  along  streams, 
Massacliusetts  to  Michigan,  south  to  North  Carolina  and  Kansas. 

Parts  used. — Bark  and  berries  (nonofficial). 

Benzoin  odoriferum  Nees.     Same  as  Benzoin  benzoin. 

Berberis,     See  Ber})eris  aquifolium. 

Berbeiis  aquifoliuni  Pursh.  Barberry  family  (Berberidaceae) . 

Berberis;  Oregon  grape;  holly-leaved  barberry;  Rocky  Mountain  grape. 

A  shrub,  native  in  woods  from  Colorado  to  the  Pacific  Ocean;  especially  abun- 
dant in  Oregon  and  northern  California. 

Parts  used. — Rhizome  and  roots  of  this  and  of  other  species  of  Berberis  (official). 

Bergamot,  wild.     See  Monarda  fistulosa. 

Bethroot,  ill-scented.     See  Trillium  erectum. 

Betony,  Paul's-.     See  Veronica  officinalis. 

Betula  lenta  L.  Birch  family  (Betulaceae). 

Sweet  birch;  black  birch;  cherry  birch. 

T^ai^e,  indigenous  forest  tree;  Newfoundland  to  Ontario,  south  to  Florida  and 
Tennessee. 

Part  used. — Bark  (nonofficial).  Oil  of  betula,  obtained  by  maceration  and  dis- 
tillation from  the  bark,  is  official. 

Bikuknlla  canadensis  (Goldie)  Mills  p.  PopP7  family  (Papaveraceae). 

Synonyms. — Corydalis  formosa  Pursh;  Corydaliii  canadensis  Goldie;  Dicentra 
canadensis  Walp. 

Turkey-corn;  S(iuirrel-corn ;  turkey-i>ea;  stagger  weed. 

Native,  perennial  plant,  6  to  12  inches  high;  in  rich  woods  from  Nova  Scotia 
south  along  the  mountains  to  Kentucky,  and  westward  to  Missouri  and 
Minnesota. 

Part  used.  — Tubers  ( nonofficial ) . 
Birch,  black.     See  Betula  lenta. 
Birch,  cherrv.     See  Betula  lenta. 
Birch,  sweet.     See  Betula  lenta. 
Bird's-foot  violet.     See  Viola  pedata. 
Birthroot.     See  Trillium  erectum. 
Bitterbloom.     See  Sahhatia  angularis. 
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Bitter-buttons.    See  Tanacettim  vulgare. 

Bitterroot.     See  Ajx)cynum  androsaemifolium. 

Bittersweet.    See  Solanum  dulcamara. 

Bittersweet,  false.    See  Celaslrus  scandens, 

Bitterweed.    See  Erigeron  canadensis. 

Blackberry,  high-bush.    See  Rubus  nigroha/'cus. 

Blackberry,  knee-high.    See  Rubus  cuneifolhis. 

Blackberry,  low  running.    See  Rubus  procumbens. 

Blackberry,  low-bush.    See  Rubus  trivialis. 

Blackberry,  sand-.    See  Rubus  cuneifolius. 

Blackcap.    See  Ruhus  occiderUalis. 

Blackroot.    See  Veronica  virginica. 

Blackroot,  Indian.    See  Pterocaulon  unduUUum, 

Blackwort.    See  Symphytum  officinale. 

Bladderpod.    See  Lobelia  inflaia. 

Blazingstar.     See  Chamaelirium  luteum. 

Blazingstar,  blue.    See  Lacinariu  scariosa, 

Blazingstar,  scaly.    See  Lacinaria  squarrosa, 

Bloodroot.     See  Sanguinaria  canadensis. 

Bloodwort.     See  Hieracium  venosum, 

Bloodwort,  striped.    See  Hieracium  vemtsum. 

Blowball.     See  Taraxacum  officinale. 

Blue-curls.    See  Prunella  xmlgaris. 

Bog-bean.    See  Menyanthes  trifoliata. 

Bog-myrtle.    See  Myrica  gale, 

Boneset.     See  Eupatorium  perfoliaium. 

Boneset,  deerwortr.     See  Eupatorium  ageratoides. 

Boneset,  purple.    See  Eupatorium  purpureum. 

Bouncing-Bet.     See  Saponaria  officinalis. 

Bowman's-root.    See  Porteranthus  trifoliatus  and  Veronica  virginioa. 

Boxwood.    See  Comusftorida. 

Brake,  backache-.     See  Athyrium  JUie-foemina. 

Brake,  buckhom-.    See  Osmunda  regalia. 

Brake,  rock-.  See  Polypodium  vulgare. 

Brassica  ni^a  (L. )  Koch.  Mustard  family  (Brassicaceae) . 

Synonym. — Sinapis  nigra  I^. 

Sinapis  nigra;  black  mustard;  brown  mustard;  red  mustard. 

Annual  herb,  introduced  from  Europe;  found  in  fields  and  waste  places  almost 
throughout  the  United  States. 

Part  used. — Seed  (official);  the  volatile  oil  obtained  from  black  mustard  seed  is 
also  official. 

Brauneria  angrustifolia  (DC.)  Heller.  Aster  family  (Asteraceae). 

Synonym. — Echinacea  angusH folia  DC. 

Echinacea;  pale-purple  conefiower;  Sampson-root;  niggerhead  (in  Kansas). 

Native,  perennial,  herbaceous  plant,  2  to  3  feet  high,  occurring  in  rich  prairie 
soil  or  sandy  soil  from  Alabama  to  Texas  and  northwestward;  most  abundant 
in  Kansas  and  Nebraska. 

Part  tiaed.— Boot  (nonofficial). 
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Broom.     See  Cytwts  arojHirin:*, 
Broom,  green.     See  ()ftmis  Hcopurhis. 
Broom,  S(*otch.    See  CytimiA  ncopariu». 
Brownwort.     See  Prunella  \*ulguru. 
Bruise  wort.    See  Sijniphijtum  officinale. 
Buck-bean.     See  Menifanlhea  trifoliata. 
Buckeye,  fetid.    See  Aesciilwi  glabra. 
Buckeye,  Ohio.    See  Acsctdu»  glaJtra. 
Buckeye,  smooth.     See  Aeaculiis  glabra. 
Buckhom-brake.    See  Osmunda  regalia. 
Buckthorn.     See  Rhamnus  cathartica. 
Bugle,  sweet.    See  Lycopus  virginicus. 
Bugle,  water-.     See  Lgcopus  rirginicus. 
Bugleweed.     See  Lycopwt  rirginicus, 
Bullbrier.     See  iSmilax  paeudo-china. 
Bull-nettle.     See  Solanuin  carolinense. 
Bulrush.     See  Typha  kUifolia. 
Bu nlock.     See  A  ret  ium  lappa . 
Burnet-saxifraj^.    See  Pimpinella  mxifraga, 
Bumingbiish.     See  Euonymus  atropurpuna. 

Bursa  bursa-pastoris  (L.)  Brit  ton.  Mustard  family  (Br  assicaceae). 

,     ^Synonym. — Oapsella  bursorpastoris  Medic. 

Shepherd 's-purse;  cocowort;  toywort. 

Annual  plant,  about  1  foot  in  height,  found  in  fields  and  waste  placen;  widely 
distributed.    Introduced  from  Europe. 

Pa rt  used. — Herb  ( nonofficial ) . 
Biirseed,  spiny.     See  Xanthium  apinomm. 
Burweed,  thorny.     See  Xanthium  spinosuyn. 

Butneria  florida  (L.)  Kearney.    Strawberry-shrub  family  (Calycanthaceae). 

Synonym . — Calycanthuj*  floridus  L. 

Hairy  strawberry -eh  rub;  sweet-scented  shrub;  Carolina  allspice;  Florida  allspice. 

Native  shrub,  4  to  8  feet  high;  in  rich  soil,  Virginia  to  MifisiasippL 

Pari  used. — Bark  (nonofiicial). 

Butterfiy-weed.     See  Asclepias  tuberosa. 

Butternut.     See  Juglans  cineren. 

Button  bush.     See  Cephalanthus  occidnitalis. 

Button-snakeroot.     See  Eryngium  i/urcifolium. 

Button-snakeroot,  dense.     See  Lacinaria  spicata. 

Button-snakeroot,  large.     See  iMcinaria  acariosa. 

Button-tree.     See  CephalarUhus  occidentalis. 

Butt  on  wood-shrub.     See  Cephcdanthus  ocdderdalis. 

Cabbage,  skunk-.     See  Spathyema  foetida. 
Cabbage,  swamp-.     See  Spathynna  foetida^ 
Calamus.     See  Acorus  calamus. 
Calfkill.     See  Kalmia  angustifolia. 
Calico-bush.    See  Kalmia  latifolia. 
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Calycai\ih\is  florulus  L.     Same  as  Butneria  florida. 

Camomile,  fetid.     See  Anthemis  cotula. 

Canada  balsam  tree.    See  Abies  balsamea, 

Canada-root.     See  Aitcl^pias  tuberosa. 

Cancerroot.     See  Leptajnnium  mrgimanum. 

Candleberry.     See  Myrica  cerifera. 

Cane-ash.     See  pyrurimis  americana. 

Cankerroot.     See  Coptis  trifolia  and  Limomum  caroUnianum. 

Canker- wee<l.     See  Xabaiu«  Herpenlariua, 

Canker-weed,  white.    See  Nnbalns  albtiA. 

Cankerwort.     See  Tarcwaatm  officinale. 

Canoewood.     See  TAriodendron  tulipifera. 

Capsella  biirsa-pastoris  Medic.     Sanie  ay  Bursa  bursa-pasloris. 

Cardinal,  re<l.     See  Lobelia  chrdinalis. 

Cardinal-flower.     See  Lobelia  cardinalii*. 

Cardinal-flower,  blue.    See  Lobelia  siphiUtica, 

CarduuB  arvensis  (L.)  Robs.  Aster  family  (Asteraceae) . 

Synonym. — Oirsium  arvense  Scop. 

Canada  thistle;  creeping  thistle;  cursed  thistle. 

Perennial  herb,  1  to  3  feet  high;  growing  in  cultivated  fields,  pastures,  and  waste 
places  from  Newfoundland  to  Virginia,  west  to  Minnesota  and  Nebraska.  A 
Dad  weed,  introduced  from  Europe. 

Part  used. — Root  (nonofficial). 
Carduus  beu^dictus  Auct.     Same  as  f  'nicdn  bnwdirtus. 
Carpenter' s-square.     See  Scrophularia  marilandica. 
Carrion-flower.     See  Smilax  herbacea. 
Carrot,  wild.     See  Daaciis  caroia. 
Carya  alba  Nutt.     Same  as  Ificoria  orata, 
Ca^Jcara  sagrada.     See  Rhamiim*  purshiana. 

Cassia  marilandica  L.  Senna  family  (Caesalpiniaceae). 

American  Henna;  wild  senna;  locust-plant. 

Native,  perennial  herb;  in  swamps  and  wet  soil.  New  England  to  Flori<la,  went 
to  liOuisiana  and  Nebraska. 

Part  used.  — T^eaves  ( nonofficial ) . 

Castalia  odorata  (Dry  and.)  Wood  v.  &  Wood. 

Water-lily  family  (Nymphaeaceae). 

Synonym. — Nymphaea  odorata  Dryand. 

White  pond-lily;  water-lily;  sweet-scented  water-lily. 

Indigenous,  a(}uatic  herb;  perennial;  in  ponds,  marshes,  and  sluggish  streams, 
from  Canada  to  Florida  and  Louisiana. 

Port  used. — Rhizome  (nonofficial). 

Castanea.     See  Castanea  dentata. 

Castanea  dentata  (Marsh.)  Borkh.  Beech  family  (Fa^aceae). 

Castanea;  chestnut;  American  chestnut. 

A  large,  spreading  tree,  occurring  in  rich  woods  from  Maine  to  Michigan,  south 
to  Tennessee.     Especially  al)undant  in  the  Allegheny  region.     Native. 

Part  ti^f^.— Leaves  (oflicial  in  U.  S.  P.  1890). 
Catch  weed.     See  Galium  aparine. 
Catfoot.    See  Glecoma  hederacea. 
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Catput.     See  (yarm  nr(fini<tiui. 

Catmint,     ^ee  Nepeta  catarln. 

Catnip.     See  Xej>e(a  vatar'm. 

Cattail,  broad-leaved.     See  Typha  latifolia. 

Cattail-flag.     See  Ti/pha  latifolia. 

Caulophyllum.     See  Ciinloplujllinn  thalictroidfs. 

Caulophyllum  thalictroides  (L. )  Michx.       Barberry  family  (Berberidaceae). 

Caulophyllum;  blue  cohosh;  scjuawroot;  papoose- root. 

Native,  perennial  herb,  1  to  3  feet  hi^h;  found  in  rich,  nhady  woo<l8  from  New 
Brunswick  to  South  Carolina,  westward  to  Nebraska;  abundant  throughout 
the  Allegheny  Mountain  region. 

Parts  used. — Rhizome  and  roots  (ofhcial  in  IT.  8.  P.  1890) . 

CeanothuB  americanus  L.  Buckthorn  family  (Bhaminaceae). 

Jersey  tea;  New  Jersey  tea;  redroot. 

A  native  shrub,  growing  in  dry,  open  woodfi  from  Canada  to  Florida  and  Texas. 
Parts  tised. — Root,  root-bark,  and  leaves  ( nonothcial ) . 

Ctniar,  red.     St^e  Junipenu*  rirginiana. 

C\»<lar,  shrubby  red.     See  Jimiperus  mbina. 

Ce<iar,  white.     See  TJmja  occidentalis. 

Cedar,  yellow.     See  Thuja  occidentals. 

Celandine.     See  ('helidonium  ma  jus. 

Celandine,  garden-.     See  Chelidonium  majus. 

Celandine,  great.     See  Chelidonium  majus. 

Celandine,  wild.     See  Impatiens  aurea. 

Celastrus  scandens  L.  Staff-tree  family  (Celaatraceae). 

False  bittersweet;  staff-tree;  waxwork;  fevertwig. 

An  indigenous,  twining,  woody  vine;  in  rich,  damp  soil,  woodn,  and  thickets, 
Ontario  to  Manitoba,  WKith  to  North  Carolina  and  New  Mexico. 

Part  used. — Bark  of  plant  and  of  root  ( nonotficial ). 
Ccntaurea  benedicta  L.     Same  as  Oiicus  hnietf ictus. 
Centaury,  Anlerican.     See  Sahftatia  arnjuluris. 
Centaury,  ground-.     See  Pohjgala  uuttallii. 

CephalantliuB  occidentalis  L.  Madder  family  (Bubiaceae). 

Buttonbush;  ])utton-tree;  buttonwood-shrub;  glol^eflower. 

Indigenous  shrub,  6  to  12  feet  high;  in  Hwanips  and  damp  j)laces,  Canada  to 
Florida  and  California. 

Part  used. — Bark  (nonothcial). 

Cercis  canadensis  L.  Senna  family  (Caesalpiniaceae). 

Judas-tree;  re<lbud. 

Small,  native  tree,  growing  in  rich  soil  from  New  Jersey  to  ^linnenota,  south  to 
Florida  and  Texas. 

Part  used. — Bark  of  root  (nonofficial). 

Cliamaelirium  luteum  (L.)  A.  Gray.       Bunchflower  family  (Melanthiaceae). 
Synonym. — Ilelonias  dioira  Pursh. 
True  (not  false)  unicorn-root ; «  blazingstar;  starwort;  drooping  starwort. 

Slender,  perennial  herb,  about  2  feet  high;  native  in  moist  meadows  and  thickets 
from  Mas8a<!husetts  to  Michigan,  south  to  Florida  and  Arkansas. 

Part  used. — Rhizome  (nonotficial). 


o  The  name  **  uiiitM»rn-ro<»t  "  was  fir>l  applit'd  to  i'hninarliriuin  fnfmm,  nnd  the  dj'siffiiation  "  inie 
unicorn-root"  would  seem  to  heluiiK  mon-  [troperly  to  that  aperies  than  to  Alt  f  rift  /tin' noun,  to  which 
the  name  unicorn-root  wuh  given  later,  ami  wlii«;li  may  thus  Ir>  called  "false  iiiiiciirn-root." 
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Chamaenerion  angustifoliuxn  (L.)  Scop.  Eveningr-prixnrose  family 

(Onagraceae). 

Synonym, — Epilobinm  angustifolium  h. 

Great  willow-herb;  wickup. 

Native,  perennial  herb,  2  to  8  feet  high,  found  in  dry  soil  from  Canada  to  Alaska, 
south  to  North  Carolina,  Aijzona,  and  California.  V^ery  common  from  Penn- 
sylvania northward. 

Parts  U8ed. — Leaves  and  root  (nonofficial). 
Chamomile,  fetid.    See  AntJiemis  cotula. 
Champion-oak.    See  Qtiercus  rubra. 

Checkerberry.     See  (iauUheria  procuml)enB  and  Mitchella  repens. 
Cheeseflower,    See  Malva  syirestris. 

m 

Cheeses.     See  Malta  rotundifolia. 
Chelidonium.     See  Chelidonium  majtis. 

Ohelidonium  majiu  L.  Poppy  family  (Papaveraceae). 

Chelidonium;  celandine;  garden-celandine;  great  celandine;  tetter  wort. 

Perennial  herb,  1  to  2  feet  high,  ^rowin^  along  fences,  roadsides,  and  in  waste 
places;  common  in  the  Ea.st.     Naturalized  from  Europe. 

Part  twed. —Entire  plant  (official  in  U.  S.  P.  1890). 

Ohelone  glabra  L.  Figwort  family  (Scrophulariaceae) . 

fialmony;  turtle-head;  shellflower;  snakehead;  salt-rheum  weed. 

Native,  perennial,  herbace<3U8  plant,  2  to  3  feet  high;  in  swamps  and  along 
streams,  Newfoundland  to  Manitol)a,  south  to  Florida  and  Kansas. 

Part  used. — Herb,  and  especially  the  leaves  (nonofficial). 

Chenopodium.     See  Chenopodium  amhrosioides  and  C  ajithelminticutn, 

Ohenopodiiim  ambrosioides  L.  Gk>OBefoot  family  (Chenopodiaceae). 

Chenopodium;  Mexican  tea;  American  wormseed;  Jerusalem  tea;  Spanish  tea. 

Strong- scented  herb,  2  to  3  feet  high,  annual;  naturalized  from  tropical  America, 
and  occurring  in  waste  places,  meadows,  and  ))a^tures  from  New  England 
to  Florida,  west  to  California. 

Part  w««d.— Fruit  (official  in  U.  S.  P.  1890). 

Chenopodium  anthelminticum  L.  Goosefoot  family  (Chenopodiaceae). 

Chenopodium;  wormseed;  Jerusalem  oak. 

Annual,  sometimes  perennial,  herb,  usually  taller  than  C.  amhrosioides,  natural- 
ized trom  Europe,  and  found  in  waste  places  from  southern  New  York  to 
Wisconsin,  south  to  Florida  and  Mexico. 

Parts  used. — Fruit  (official  in  U.  S.  P.  1890).  The  oil  of  chenopo<Hum,  distilled 
from  this  plant,  is  official. 

Chenopodium  botrys  L,  Goosefoot  family  (Chenopodiaceae) . 

Jemsalem  oak. 

Annual  herb,  about  2  feet  high,  introduced  from  Europe;  found  in  waste  places 
from  Nova  Scotia  to  New  York  and  Kentucky,  westward  to  Oregon. 

PaHs  %ised. — Herb  and  seeds  (i^onofficial). 
Cherrv  birch.    See  Betula  lenta. 
Cherrv,  rum-.    See  Prunus  serotina. 
Cherry,  wild.     See  Prunus  serotina. 
Chervil,  sweet.     See  Washingtonia  longistylls. 
Chestnut.     See  Castanea  dentata. 
Chestnut,  American.     See  Castanea  dentata. 
Chestnut,  horse-.    See  Aesculus  hijyporastanum. 
Chickentoe.     See  Coralhrrhiza  odontorhiza. 
Chickweed,  common.    See  Alsine  media. 
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Chick  weed,  red.     See  AiutgaUin  arrensu*. 

Chicx)ry.     See  Vichorinm  intyhun. 

Chimaphila.    See  Chimaphila  umbellata. 

Chimaphila  umbellata  (L.)  Nutt.  Winter  green  family  (Pyrolaceae). 

Chimaphila;  pipeiseewa;  princeVpine;  bitter  wintergreen;  rheumatism-weed. 

Small,  perennial  herb,  native  in  dry,  shady  woods,  especially  in  pine  forests,  from 
Nova  Scotia  to  Georgia,  west  to  California. 

Part  used. — Leaves  (official). 

China-root,  American.     See  Smilaj-  pseudo-china. 

China-root,  false.    See  Smilajr  pseudo-china, 

Chionanthiis  virginica  L.  Olive  family  (Oleaceae). 

Fringe-tree;  old-man's-beard. 

A  shnib  or  small  tree,  native  in  moist  thickets  from  Delaware  to  Florida  and 
Texas. 

Part  used. — Bark  of  root  (nonofficial) . 
Chittem-bark.     See  Rhamnus  pvrshiana. 

CbryBanthemuni  leucanthemum  L.  Aster  family  ( Asteraceae). 

Synonym. — Leucaiiihemum  tmlgare  Lam. 

Oxeye  daisy;  white  daisy. 

Perennial  herb,  1  to  3  feet  high,  naturalized  from  Europe;  occurring  in  pastures, 
meadows,  and  waste  places  in  nearly  every  secrtion  of  the  country,  but  less 
abundantly  in  the  South  and  rarely  in  the  West. 

Part  used. — Herb  (nonofficial). 

Olirysanthemum  partheniiim  (L.)  Pers.  Aster  family  (Asteraceae). 

SyTionym. — I^rethrum  parthenium  Smith. 

Common  feverfew;  featherfew;  febrifuge-plant. 

Perennial  herb,  naturalized  from  Europe.  Mostly  escaped  from  cultivation;  in 
waste  places.  New  Brunswick  to  New  Jersey,  and  locally  in  the.  interior. 

Pari  used. — Herb  (nonofficial). 

Gichorium  intybus  L.  Chicory  family  (Cichoriaceae). 

Chicory;  succory. 

Perennial  herb,  1  to  3  feet  high,  growing  in  fields,  waste  places,  and  along  road- 
sides from  Nova  Scotia  to  North  Carolina,  west  to  Nebraska.  Abundant  east- 
ward.    Naturalized  from  Europe. 

Part  used.— "Root  (nonofficial). 

Oicuta  maculata  L.  Parsley  family  (Apiaceae). 

Water-hemlock;  muaquash-root;  beaver-poison. 

Native  perennial,  3  to  6  feet  high,  stout,  erect;  poisonous.  Found  in  swamps  and 
low  grounds  from  Canada  south  to  Florida  and  New  Mexico. 

Pari  used. — Leaves  (nonofficial). 

Cimicifuga.     See  Cimicifuga  racemosa. 

Oimicifuga  racemosa  (L.)  Nutt.  Crowfoot  family  (Banunculaceae). 

Synonym. — Actaea  racemosa  L. 

Cimicifuga;  black  snakeroot;  black  cohosh;  squawroot;  rattle-root. 

Native,  perennial  herb,  3  to  8  feet  high;  in  rich  soil  in  shady  woods,  Maine  to 
Geoiigia,  west  to  Wisconsin  and  Missouri.    Most  abundant  m  the  Ohio  Valley. 

Parts  used. — Rhizome  and  roots  (official). 
Cinquefoil.    See  Potentilla  canadensis. 
Oirsium  art^aise  Scop.     Same  as  (brduus  arvensis. 
Cleavers.     See  Galium  aparine. 
Cleaverwort.    See  Galitnn  aparine. 
Clematis.     See  Clematis  virginiana. 
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Clematis  virginiana  L.  Crowfoot  family  (Baniinculaceae). 

Virgin' 8-bower;  clematis. 

iShrubby,  perennial  vine;  native;  found  along  river  banks  in  hedges  and  thick- 
ets from  Canada  to  Georgia  and  Kansas. 

Parts  t«cd.— Leaves  and  flowers  (nonofficial). 

Clotbur,  spiny.    See  XarUhium  spinoaum. 

Clotweed,  thorny.    See  XarUhium  &pinosam. 

Clover,  bitter.    See  Sabbatia  angularis. 

Clover,  meadow-.     See  Trifolium  pratense. 

Clover,  purple.     See  Trifolium  pratense. 

Clover,  red.    See  Trifolium  pratense. 

Clover,  yellow  sweet.    See  Melilotus  officinalis. 

Club-moss.    See  Lycopodium  davatum. 

CnicuB  benedictuB  L.  Aster  family  ( Asteraceae) . 

Synonyms. — Carduus  benedictus  Auct.;  Centaurea  benedicta  L. 

Blessed  thistle;  holy  thistle;  bitter  thistle;  spotted  thistle;  St.  Benedict' s-thistle. 

Annual  plant,  1  to  2  feet  high;  in  waste  places,  Southern  States,  and  in  Califor- 
nia and  Utah;  introduced  from  Europe. 

Part  used. — Herb  (nonofficial). 
Cocash.    See  Aster  puniceus. 
Cocash-weed.     See  Senecio  aureus. 
Cockle-but*on.    See  Arctium  lappa, 
Cocowort.     See  Bursa  bursa-pastoris. 
Cohosh,  black.     See  Cimicifuga  racemosa. 
Cohosh,  blue.  See  Caulophyllum  thalictroides. 
Cohosh,  red.    See  Adaea  rubra. 
Cohosh,  white.    See  Actaea  alba. 
Colic-root.     See  Aletris  farinosay  Dioscorea  viUosa,  Lacinaria  spicata^  and  L.  squarrosa. 

Collinsonia  canadenBis  L.  Mint  family  (Menthaceae). 

Stoneroot;  richweed;  knobroot;  horse-balm. 

Native,  perennial  herb,  about  2  feet  high,  occurring  in  rich,  moist  woods  from 
Maine  to  Wisconsin,  south  to  Florida  and  Kansas. 

Parts  used. — Root  and  leaves  (nonoflicial). 

Colt's-foot.     See  Tussilago  farfara. 

Colt's-tail.     See  Erigeron  canadensis. 

Columbine,  European.    See  Aquilegia  vulgaris. 

Columbine,  garden-.     See  Aquilegia  inilgaris. 

Columbine,  wild.     See  under  A(]uilegia  nilgaris, 

Columbo,  American.     See  Frastra  carolinensis. 

Comfrey.     See  Symphytum  officinale. 

Compass-plant.     See  Silphium  laciniatum. 

Comptonia  asplenifoUa  Gaertn.     Same  as  Comptonia  peregrina. 

Comptonia  peregrina  (L.)  Coulter.  Bayberry  family  (Kyricaceae). 

Synonyms.— Comptonia  asplenifoUa  Gaertn. ;  Myrica  asplenifoUa  L. 
Sweet  fern;  spleenwortbusb ;  meadow-fern. 

Shrubbv  plant,  about  2}  feet  high,  native;  in  thin  sandy  or  stony  woods  and  on 

hillsides,  Canada  to  North  Carolina,  Indiana,  and  Michigan. 
Parte  u*ed.—Iveavefi  and  tops  (nonofficial). 
Coneflower,  pale-purple.     See  Braunerki  an gmii folia. 
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Coheflower,  tall.    See  Rudberkia  lacinioUa, 

Congo-root.     See  Pmralea  pedunculata. 

Gonium.     See  Conium  maculatum, 

Conium  mactilatum  L.  Parsley  family  (Apiaceae). 

Ck>nium;  poison-hemlock;  spotted  parsley;  spotted  cowbane. 

Biennial  herb,  2  to  6  feet  high,  naturalized  from  Europe;  common  in  waste 
places,  especially  in  the  Eastern  and  Middle  States.     Poisonous. 

Parts  used. — Full-grown,  but  unripe,  fruit,  carefully  dried  and  preserved  (offi- 
cial); leaves  (nonofficial). 

Consumptive' 8- weed.     See  Eriodictyon  califomicum. 

Convallaria.    See  Oonvaliaria  majalU. 

ConvaUaria  biflora  Walt.     Same  as  Polygonatum  hifiontm, 

Convallaria  majalis  L.  laly-of-tiie-valley  family  (Convallariaceae). 

Convallaria;  lily-of-the-valley. 

A  low,  perennial  herb;  indigenous;  on  the  higher  mountains  from  Virginia  to 
the  Oarolinas. 

ParU  rued, — Rhizome  and  roots  (official);  herb  and  flowers  (nonofficial). 
ConvaUaria  racemosa  L.    Same  as  Vagnera  racemosa. 
Convolvulus  panduratus  L.    Same  as  Ipomoea  pandurala, 
Coolwort.    See  Tiarella  cordifolia. 

Gk>ptiB  trifolia  (L.)  Salisb.  Crowfoot  family  (Ranunculaceae). 

Goldthread;  cankerroot;  mouthroot;  yellowroot. 

Low,  native,  perennial  herb,  growing  in  damp  mossy  woods  and  bogs  from  Can- 
adiEi  and  Alaska  south  to  Maryland  and  Minnesota;  uio^t  common  in  the  New 
England  States,  northern  New  York  and  Michigan,  and  in  Canada. 

Parts  used, — Rhizome  and  rootlets  (nonofficial). 

Corallorhiza  odontorhiza  ( W  illd. )  N utt.  Orchid  family  ( Orchidaceae ) . 

Crawley-root;  coralroot;  dragon*  s-claw;  chickentoe. 

Leafless  plant,  6  to  15  inches  high,  found  in  rich  woods  from  Maine,  to  Florida, 
west  to  Michigan  and  Missouri.     Native. 

Part  used. — Rhizome  (nonofficial). 
Coralroot.     See  Corallorhiza  odontorhiza. 
Com,  squirrel-.     See  Bihikulla  canadensis. 
Com,  turkey-.     See  Biktikulla  canadensis. 
Cornel,  silk  v.    See  Comus  amomum. 
Com-snakeroot.     See  Eryngium  ynccifolium  and  Lacinaria  spicata. 

Comiu  amomum  Mill.  Dogwood  family  (Cornaceae). 

Synonym. — Comus  sericea  L. 

Red  osier;  swamp-dt^wood;  silky  cornel;  rose- willow. 

Native  shmb,  3  to  10  feet  high;  in  low  woods  and  along  streams,  Canada  to 
Florida,  west  to  Texas  and  the  Dakotas. 

Part  used. — Bark  (nonofficial) . 

Comus  circinata  L^Her.  Dogwood  family  (Cornaceae). 

Green  osier;  round-leaved  dogwood. 

Native  shrub,  3  to  10  feet  high;  in  shady  places,  Canada  and  the  northeastern 
United  States. 

Part  used. — Bark  (nonofficial). 

Comus  florida  I^.  Dogrwood  family  (Cornaceae). 

Flowering  dogwood;  boxwood. 

Small,  native  tree  or  large  phrub,  growing  in  woods  from  Canada  to  Florida, 
Texas  and  Missouri.     Mos^t  abundant  in  the  Middle  States. 

Parts  used. — Bark  of  trot'  and  of  root,  the  latter  preferred  (nonofficial), 
11072— No.  8J)— (K) 4 
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Comus  sericea  L.    Same  as  Corrmtf  amomum. 

Corydalis  canadmm  Goldie.     Same  as  BikukuUa  canadensis, 

Corydalis  formosa  Pureh.     Same  as  BikukuUa  canadengia. 

Cotton-gum.    See  Nysaa  aquaiica. 

Cotton  weed.    See  Anapfialis  margarUacea^ 

Couch-grass.    See  Agropyron  repem, 

Coughweed.    See  Senecio  aureus, 

Coughwort.     See  Tussilago  farfara, 

Cowbane,  spotted.    See  Contuw  maculalum. 

Cow-lily.     See  Nymphaea  advena. 

Cow-parsnip.    See  Heradeum  lanatum, 

Cracca  virg^iniana  L.  Pea  family  (Fabaceae). 

Synonym. — Tephrosia  virginiana  Pera. 

Devil* s-shoestring;  hoary  pea;  goat's-rue;  catgut. 

Hoary,  perennial  herb,  1  to  2  feet  high,  native;  occurring  in  dry,  sandy  soil 
from  New  England  to  Florida,  west  to  Texas  and  Minnesota. 

Part  used, — Root  (nonofficial). 
Cramp-bark.    See  Viburnum  opulus. 
Cranberry,  high-bush.    See  Viburnum  opulus. 
Cranberry,  upland-.     See  Ardostaphylos  uva-ursi. 
Crane's-bill,  spotted.    See  Geranium  maciUatum. 
Crane's-bill,  wild.    See  Geranium  macuUitum. 

CnttaeguB  oxyacantha  L.  Apple  family  (Malaceae) . 

Hawthorn;  hedgethorn;  whitethorn;  maythorn. 

Shrub  or  tree,  introduced  from  Europe,  and  sparingly  escaped  from  cultivation. 

Part  used, — Berries  (nonofficial). 

Crawley-root.    See  Corallorhiza  odontorhiza, 

Crosswort.    See  Eupatorium  perfoliatum. 

Cucumber-tree.    See  Magnolia  aaiminata  and  M.  iripetcda. 

Cudweed,  low.     See  Gnaphalium  uliginosum. 

Cudweed,  marsh-.     See  Gnaphalium  uliginosum. 

Culver' s-phy sic.    See  Veronica  virginica. 

Culver' s-root.    See  Veronica  tirginica. 

Ounila  mariana  L.     Same  as  Cunila  origanoides, 

Cunila  orig^anoides  (L.)  Britton.  Mint  family  (Menthaceae). 

Symmym,— Cunila  mariana  L. 

American  dittany;  stonemint. 

Indigenous,  perennial  plant,  found  on  dry  hills  and  in  dry  woods  from  New  York 
to  Florida,  west  to  Ohio. 

Part  used, — Herb  (nonofficial). 
Cup-plant.     See  Silphium  perfolUUum, 
Custard-apple.    See  Asimina  triloba. 

Cynog^losstim  officinale  L.  Borage  family  (Boraginaceae). 

Hound' s-tongue;  gypsy-flower. 

Biennial  herb,  about  3  feet  high,  naturalized  from  Europe,  and  occurring  in 
waste  places  from  Canada  to  North  Carolina,  west  to  Kansas  and  Minnesota. 

Parts  used, — Leaves  and  root  (nonofficial). 
Cypripedium.    See  Cypripedium  hirsulum  and  C.  parvifiornm. 
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Cypripeditun  hirsutuxn  Mill.  Orchid  family  (Orchidaceae). 

Synonym. — (Sjpripfdium  pubescenn  Willd. 

Cypripedium;  large  yellow  ladies-slipper;  yellow  moccasin-flower;  American 
valerian. 

Herb,  1  to  2  feet  high,  native  in  woods  and  thickets  from  Nova  Scotia  south  to 
Alabama  and  west  to  Nebraska  and  Missouri. 

Paris  used. — Rhizome  and  roots  (official). 

Cypripedium  parviflonim  Salisb.  Orchid  family  (Orchidaceae). 

Cypripedium;  small  yellow  ladies-slipper. 

Herb,  1  to  2  feet  high;  native  in  woods  and  thicketa  from  British  America  to 
Georgia,  Missouri,  and  Oregon. 

Parts  used. — Rhizome  and  roots  (official). 
Cypripedium  puhesceits  Willd.     Same  as  ()fpripedium  hirsuium. 

Cytiaus  scopariiis  (L.)  Link.  Pea  family  (Fabaceae). 

Synonym. — Sarothamnus  scoparius  Wimm. 

Scoparius;  broom;  green  broom;  S(totch  broom. 

Stiff,  wiry  plant,  3  to  5  feet  high;  naturalized  from  Europe;  growing  in  dry,  sandy 
soil  from  Massachusetts  to  Virginia  and  becoming  common  in  many  places  in 
the  northwestern  United  States. 

Pnrt  used. — ^Tops  (official). 

Daisy,  oxeye.     See  Chrysanthemum  leucanth^mum. 
Daisy,  white.     See  Chrysanthemum  leucanthemum. 
Daisy- fleabane.     See  Erigeron  j)hi!ndelphicus. 
Damiana.     See  Tumera  mirrophylla. 
I>andelion.     See  Taraxacum  officinale. 

Daphne  mezereum  L.  Mezereon  family  (Daphnaceae). 

Synonym. — Mezereum  officinarum  C.  A.  Mey. 

Mezereum;  mezereon;  spurge-laurel;  paradise-plant;  spurge-olive. 

A  very  hardy  shrub,  introduced  from  EurojKJ  and  escaped  from  cultivation  in 
Canada  and  New  England. 

Part  used. — Bark  of  this  and  of  other  European  species  of  Dapline  (official). 

Datura  stramonium  L.  Potato  family  (Solanaceae). 

Stramonium;  jimson-weed;  Jamestown- weed;  thorn-apple;  apple-of-Peni. 

Poisonous  weed;  annual,  2  to  5  feet  high;  introduced  from  the  Tropics,  and 
occurring  in  fields  and  waste  places  throughout  the  United  States,  with  the 
exception  of  the  North  and  West. 

Pmls  used. — Leaves  (official);  seeds  (official  in  U.  S.  P.  1890). 

DaucuB  carota  L.  Parsley  family  (Apiaceae). 

Wild  carrot;  Queen  -  Anne' s-lace. 

Biennial  herb,  2  to  3  feet  high;  naturalized  from  Europe;  common  almost 
throughout  the  United  States,  growing  in  old  fields  and  along  roadsides. 

Paris  used. — Root,  fruit,  and  leaves  (nonofficial). 
iH^erberry.     See  Gaultheria  prontmh*'n,'<  and  Mitchella  repens. 
I>eer-laurel.     See  Rhododaulron  majiimnn. 
Deer's-tongue.     See  TVilisa  odoratisitima. 
Deerwood.     See  Ostrya  rirginiann. 
Deenn'ort-boneset.     See  Eupatoriunt  wjfratf fides. 

Delphinium  consolida  L.  Crowfoot  family  (Banunculaceae) . 

Field-larkspur;  knight's-spur;  lark-heel. 

An  annual  herb,  about  2  feet  high;  naturalized  from  Europe,  and  found  in  waste 
places  from  southern  New  Jersey  and  Pennsylvania  southward.    The  indig- 
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Delphinium  consolida — Continued. 

enous  tall  larkspur,  Delphinium  urceolaium  JsLcq.  (D.  exaliatum  Ait.),  \»  iu«ed 
for  similar  purposes.  This  is  found  in  woods  from  Pennsylvania  to  Minnesota, 
south  to  Alabama  and  Nebraska. 

Parts  used, — Herb  and  seeds  (nonoflficial) . 
Delphinium  exaliatum  Ait.     See  under  Delphinium  consolida. 
Delphinium  urceolatum  Jacq.     See  under  Delphinium  consolida, 
DeviPs-bit.     See  Lacinaria  scariosa. 
Devirs-shoestring.     See  Cracca  virginiana. 
Dewberry,     ^e  Rulnis  procumbens. 
Dewberry,  one-flowered.     See  Rubus  tnUosus. 
Dewberry,  southern.     See  Rubus  triiiali^, 
Diceiitra  canadensis  Walp.     Same  as  Bikukulla  canadensis. 
Digitalis.     See  Digitalis  purpurea. 

Digritalis  purpurea  L.  Fig-wort  family  (Scrophulariaceae). 

Digitalis;  foxglove;  fairy-fingers;  thimbles;  lady's-glove. 

Very  handsome  biennial  plant,  3  to  4  feet  high;  introduced  from  Europe  an  a 
garden  plant,  and  now  escaped  from  cultivation  in  parts  of  Oregon,  Washing- 
ton, ana  West  Virginia. 

Parts  iised. — Leaves  from  plants  of  second  year's  growth,  gathered  at  cumnience- 
ment  of  flowering  (official) . 

Dioscorea  villosa  L.  Tam  family  (Dioscoreaceae). 

Wild  yam;  colic-root;  rheumatism-root. 

Slender,  herbaceous,  native  vine,  growing  in  moist  thickets  from  Rhode  Island 
to  Minnesota,  south  to  Florida  and  Texas;  more  common  in  central  and  south- 
ern parts  of  the  Unite<l  States. 

Part  used. — Rhizome  (nonofficial). 

Diospyros  virginiana  L.  Ebony  family  (Diospyraceae). 

Persimmon. 

Indigenous  tree,  15  to  50  feet  in  height;  in  fields  and  woods,  Rhode  Island  to 
Kansas,  Florida,  and  Texas. 

Parts  used. — Bark  and  unripe  fruit  (nonofficial). 

Dirca  palustris  L.  Mezereon  family  (Daplmaceae). 

I-.eatherwood ;  moosewood;  American  mezereon;  wickopy;  rope-lxark. 

A  native  shrub,  occurring  in  woods  and  thickets.  New  Brunswick  to  Florida, 
west  to  Missouri  and  Minnesota;  most  common  in  the  Northern  and  Eastern 
States. 

Part  used. — Bark  (nonofficial). 
Ditch -stonecrop.     See  Penthorum  sedoides. 
Dittany,  American.     See  Omnia  origanoides, 
Dotik,  bitter.     See  Rumex  obtiisifolins. 
Dock,  blunt-leaved.     See  Uumex  ohtusifolins. 
Dock,  broad-leaved.     See  Rnmex  obtumfolius. 
Dock,  curled.     See  Rume^r  rrlApuif. 
Dock,  narrow.     See  Rumex  crispivi. 
Dock,  sour.     See  Rumex  crispuji. 
Dock,  spatter-.     See  Nymphaea  adrena. 
Dock,  velvet.     Set^  Vrrbasrum  thapmis. 
Dock,  yellow.     See  Rnmex  crispna. 
Dogbane,  spreading.     See  Aporynnut  andromemifoUum. 
Dogberry.     i^m^Sorbu^  auierirana. 
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Dog-fenin.1.     See  ArUhemi^  rottila. 
Dojj-grass.     Set*  Agr(q)tjron  repen*. 
Dog*s-txx)th  violet.     See  Erylhronium  americanum. 
DogwocKl,  flowering.     See  Cbmtw  florida. 
Dogwood,  round-lea vecl.     See  (hmnn  rlrr'mata. 
DojjwfKMl,  Hwainp-.     Stn*  ('omtn<  amomum. 
I  ><  loryanl-plantain.     St»e  PlatUwjo  nidjor. 
I^racoutium  foflhlitm  h.     Same  as  Spathiinna  foetula, 
I)ragon*s-claw.     See  Cvrallorhizn  odotih/rhizn. 
Drop  wort,  wefltern.     See  PortfranthuH  irifolidiun. 

Drosera  rotundifolia  L.  Sundew  family  (Droseraceae). 

Round-leaved  Bundew;  youth  wort. 

Low,  perennial  herb,  growing  in  bogs  and  muddy  shoree  of  rivers  from  (-anada 
to  Florida  and  California. 

Pari  used, — Herb  (nonoflicial). 

Dryopteris  filix-mas  (L.)  Schott.  Fern  family  (Polypodiaceae). 

Synonymn. — Aspidium  filix-mas  Sw.;  Pob/podhivi  filU'-nia»  L. 

Aspidium;  male-fern. 

Fern,  with  leaves  1  to  3  feet  long;  in  rocky  wocxls  fron.  Canada  to  northern 
Michigan,  and  in  the  Rocky  Mountains  to  Arizona. 

Part  used. — Rhizome  (official). 

Dryopteris  marginalia  (L.)  A.  Gray.  Fern  family  (Polypodiaceae). 

Si/nonyms, — Aspidium  marginale  Sw.;  Polypodium  margiimle  L. 

Aspidium;  evergreen  wood-fern;  marginal-fruitt»d  shield-fern. 

Fern,  with  leaves  6  inches  to  2 J  feet  long;  in  rocky  woods  from  ('anada  south  to 
Alabama  aiid  Arkansas. 

Part  used, — Rhizome  (ojfficial). 
Dulcamara.     See  Solnnum  dulcatnara. 
Dyfientery-wee<l.     See  Gnaphaliiun  uliginottum. 

Earth-smoke.     See  Fumaria  officiyudii*. 

£<'hinacea.     Si'e  Brauneria  anguntifolia. 

Echinacea  augnMifolia  DC.     Same  as  Bramieria  anguMifoUa. 

Eliler.     See  Samhncu»  cntuidnisis. 

Elder,  American.     See  SambuciuH  canadensis. 

Elder,  dwarf.     See  Aralia  hispida. 

Elder,  sweet.     See  Samfmcnn  canadensis. 

Elder,  wild.     Si-e  Aralia  hispida. 

Elecampane.     St»e  Inula  helenium. 

Elk-tree.     See  Oxydendrum  arboreum. 

Elkwood.     See  Magnolia  tripetala. 

Elliott' M-sabl>atia.     See  SfdJxitia  elliottii. 

Elm.     See  Vlmusfulva. 

Elm,  Indian.     See  XJlmusfulva. 

Elm,  moose-.     See  Ulrnusfulra. 

Elm,  red.     See  Ulrnusfulra. 

Elm,  slippery.     See  Ulrnusfulra. 

Emetic-root.     See  Euphorbia  corollata. 
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Epi^aea  repens  L.  Heatli  family  (Ericaceae). 

Gravel-plant;  trailing  arbutus;  mayflower. 

Small,  shrubby,  native  plant,  spreading  on  the  ground  in  sandy  soil,  especially 
under  evergreen  trees,  from  Florida  to  Michigan  and  northward. 

Part  used. — Leaves  (nonofficial). 
Epiloblum  angustifolium  1j.     Same  as  Chamaenerion  anguMifolium. 

Epilobium  palustre  L.  Evenings-primrose  family  i  Onagraceae). 

Swamp  willow-herb;  wickup. 

Slender,  erect,  native  herb,  6  to  18  inches  high,  found  in  swamps  and  marshei^ 
from  Canada  and  the  New  England  Stat€»H  west  to  Colora^lo  and  \Vai*hingl<>ii. 

Parts  used. — Iw.eaves  and  root  (nonofficial). 
Epiphegm  virginiana  Bart.     Same  as  Ijeptamnium  virghiianiun. 

Equisetum  hyemale  L.  Horsetail  family  (Equisetaceae). 

Common  scouring-rush ;  horsetail;  shave-grass. 

Rush-like  perennial  plant,  growing  in  wet  places  along  river  banks  and  liorders 
of  woods  throughout  nearly  the  whole  of  North  America. 

Part  used. — Plant  (nonofficial). 

Erechtites  hieracifolia  (L.)  Raf.  Aster  family  (Asteraceae). 

Fireweed;  pilewort. 

Native,  annual  herb,  1  to  8  feet  high,  in  woods,  fields,  and  waste  places,  Canada 
to  Florida,  Louisiana,  and  Nebraska. 

Partu»ed. — Herb  (nonofficial). 

Eri^eron  canadensis  L.  Aster  family  (Asteraceae). 

Synonym. — Leptilon  canadense  (L. )  Britton.« 

Canada  fle^abane;  horse  weed;  colt's-tail;  prideweed;  bitterwee<l. 

Native,  annual  weed,  3  inches  to  10  feet  in  height;  in  fields  and  meadows,  along 
roadsides,  and  in  waste  places,  almost  throughout  North  America. 

Pari  used. — Herb  (nonofficial);  the  oil  of  erigeron,'  distilled  from  the  fresh, 
flowering  herb,  is  official. 

Erig'eron  philadelphicus  L.  Aster  family  (Asteraceae). 

Philadelphia  fleabane;  sweet  scabious;  daisy-fleabane. 

Native,  perennial  herb,  1  to  8  feet  high,  infields  and  wocmIs  tlinnighout  North 
America,  except  extreme  North. 

Part  used. — Herb  (nonofficial). 

Eriodictyon.     See  Eriodictyon  califomicum. 

Eriodictyon  califomicum  (H.  <&  A.)  (Treene.  Waterleaf  family 

(Hydrophyllaceae ) . 

Synonym. — Eriodictyon  glutinosum  Benth. 

Eriodictyon;  yerba  santa;   mountain-balm;   consumptive's- weed;   bear's-wetnl. 

Shrubby  plant,  2  to  4  feet  high,  native;  grows  in  clumps  in  dry  situations  and 
among  rocks  throughout  California  and  northern  Mexico. 

Part  used. — Leaves  (official). 
Eriodictyon  glutinosum  Benth.     Same  as  Eriodictyon  califomicum. 
Eryngium  ynrcaejolium  Michx.     Same  as  Eryngimn  ynccifolium. 

Eryng^Lum  yuccifolium  Michx.  Parsley  family  ( Apiaceae). 

Synonym. — Eryngium  yuccavfolium  Michx. 

Watcr-eryngo;  button-snakeroot;  rattlesnake- weed;  rattlesnake-master;  corn- 
snakeroot. 

Native,  perennial  herb,  1  to  5  feet  high,  growing  in  swamps  and  low  wet  ground 
from  the  pine  barrens  of  New  Jersey  west  to  Minnesota,  and  south  to  Texas 
and  Florida. 

Part  used. — Rhizome  (nonofficial). 


aSomeautlioix  liold  that  this  plant  belongs  to  the  genus  lAptUon  and  thai  its  name  Bhould  lie 
Leptilon  canadenic  (L.)  Britton.    The  Pharmacopceia  is  here  followed. 
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Erynpc),  water-.     See  Eryngium  yuccijolium. 

firythroniuin  americanum  Ker.  Lily  family  (Liliaceae). 

Yellow  adder' H-tongue;  dog's-tooth  violet;  yelloM' snowdrop;  rattlesnake- violet; 
yellow  snakeleaf. 

Native,  perennial  herb,  occurring  in  moist  woods  and  thicketii,  Nova  Bcotia  to 
Minnesota,  south  to  Arkansas  and  Florida. 

Parts  used. — leaves  and  root  (nonofficial). 
Euonymufl.     See  Eumiymiis  fUropHrjmreiis. 

Suonyxnus  atropurpureus  Jacq.  Staff-tree  family  (Celastraceae). 

Euonymus;  wahoo;  bumingbush;  spindle-tree;  Indian  arrow  wood. 

Native  shrub  or  small  tree,  growing  in  woo<1h  and  thickets  from  Ontario  and 
eastern  Unite<l  States  west  to  Montana. 

Part  used. — Bark  of  root  (official) . 
Kupatorium.     See  Eupatorium  perfoliatum. 

XSupatorium  agreratoides  L.  f.  Aster  family  ( Asteraceae) . 

White  snakeroot;  white  sanicle;  Indian  sanicle;  deerwort-boneset;  poolwort; 
poolroot;  rich  weed;  squaw-M^eed. 

Erect,  perennial  herb,  1  to  4  feet  hijjh,  native;  in  rich  woods  from  Canada  to 
Cieoigia,  west  to  Nebraska  and  Louisiana. 

Part  used. — Boot  (nonofficial). 

Eupatoriuxn  aromaticum  L.  Aster  family  (Asteraceae). 

Smaller  white  snakeroot;  poolwort;  poolroot;  wild  hoarhound. 

Native^  perennial  herb,  1  to  2  feet  high;  in  dry  soil  from  Massachusetts  to 
Florida,  especially  throughout  the  Middle  States. 

Part  used. — Root  (nonofficial). 

Eupatorium  perfoliatum  L.  Aster  family  (Asteraceae). 

Eupatorium;  boneset;  thoroughwort;  Indian  sage;  agueweed;  crosswort. 

Native,  perennial  herb,  1  to  5  feet  high;  in  low,  wet  places  from  Canada  to 
Florida,  west  to  Texas  and  Nebraska. 

Parts  used. — Leaves  and  flowering  tops  (official). 

Eupatorium  purpureum  L.  Aster  family  (Asteraceae). 

Queen-of-the-meadow;  gravelroot;  Joe-Pye-weed;  purple  boneset;  kidneyroot. 

Native,  perennial  herb,  3  to  10  feet  high;  in  low  grounds  from  Canada  to  Florida 
and  Texas. 

Parts  used. — Root  and  herb  (nonofficial). 

Euphorbia  corollata  L.  Spurg^e  family  (Euphorbiaceae). 

Flowering  spurge;  emetic-root;  milk-ipecac;  snakemilk;  purging-root. 

Native,  perennial  herb,  about  3  feet  in  height,  growing  in  dry  fields  and  woods 
from  Ontario  to  Florida  and  Minnesota  to  Texas. 

Part  used. — :Root  (nonofficial). 
Kuphorhia  hypericifolia  A.  Gray.     Same  as  Euphorbia  nutav». 

Euphorbia  ipecacuanhae  L.  Spurg'e  family  (Euphorbiaceae). 

Wild  ipecac;  ipecac-spurge;  American  ipecac! ;  Carolina  ipecac. 

Native,  perennial  herb,  4  to  10  inches  high;  in  dry,  sandy  soil,  mostly  near  the 
(*oast,  from  Connecticut  to  Florida. 

Part  used. — Root  (nonofficial). 

Euphorbia  nutans  Lag.  Spurge  family  (Euphorbiaceae). 

Synonym. — Euphorbia  hypericifolia  A.  Gray. 

Large  spotted  spurge;  black  purslane;  fluxM-eed;  milk-pnrslane. 

Native,  annual  plant,  from  J  to  2  feet  in  height;  in  ricli  soils,  fields,  and  thickets 
throughout  eastern  North  America,  except  extreme  north,  and  extending 
west  to  the  Rocky  Mountains. 

Part  used. — Herb  (nonofficial). 
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Euphorbia  pilulifera  L.  Spurge  family  (Euphorbiaoeae) . 

Pill-bearing  spurge;  snakeweed;  Queensland  asthma- weed. 

Herbaceous  annual,  10  to  16  inches  high,  occurring  from  the  Gulf  States  through 
Texas  to  New  Mexico. 

Part  used. — Herb  ( nonofficial ) . 
Evening-primrose.     See  Oenothera  biennis. 
Everlasting.     See  Anaphalis  margarUacea. 
Everlasting,  large-flowere<l.     See  Anaphalis  margarUacea. 
Everlasting,  pearly.     See  Anaphalis  margarUacea. 
Eve's-cup.     See  Sarracenia  flam. 

Fagrara  clava-herculia  (L.)  Small.  Bue  family  (Butaceae). 

Synonym. — Xanihoxylum  dava-herculis  L. 

Xanthoxylum;   southern  prickly  ash;    toothache-tree;    yellow  thorn;    yellow- 
wood;  Hercules-club. 

Small,  indigenous,  very  prickly  tree,  sometimes  45  feet  in  height,  occurring 
along  streams  from  soutnem  Virginia  to  Florida,  west  to  Texas  and  Arkansas. 

Parts  used. — Bark  official  under  the  name   '^ Xanthoxylum";    berries   (non- 
official). 

FagUB  americana  Sweet.  Beech  family  (Fagaceae). 

Synonym. — F\igius  ferruginea  Ait. 

American  beech;  beechnut-tree. 

Large,  native  forest  tree,  growing  in  rich  soil  from  Nova  Scotia  to  Florida,  west 
to  Wisconsin  and  Texas. 

Parts  used. — Bark  and  leaves  (nonofficial). 
Fagus  ferruginea  Ait.     Same  as  Fa^us  americana. 
Fairy-fingers.     See  Digitalis  purpurea. 
Featherfew.     See  Chrysantfiemum  parthenium. 
Febrifuge-plant.     See  Cfirysanthemum  parthenium. 
Female-fern.     See  Athyrium  filix-foeniina  and  Polypodium  rulgare. 
Fennel,  dog-.    See  Anihemis  cotula. 
Fern,  evergreen  wood-.     See  Dryopteris  marginalis. 
Fern,  female-.     See  Athyrium  JUix-foemina  and  Polypodium  rulgare. 
Fern,  lady-.     See  Athyrium  fiUx-foemina. 
Fern,  maidenhair-.     See  Adianlum  pedatum. 
Fern,  male-.     See  Dryopteris  filix-mas. 
Fern,  marginal-fruited  shield-.     See  Dryopteris  marginalis. 
Fern,  meadow-.     See  Comptonia  peregrina. 
Fern,  parsley-.    See  Tanacetum  vulgar e. 
Fern,  royal.     See  Osmunda  regalis. 
Fern,  sweet.     See  Comptonia  peregrina. 
Fernroot.    See  Polypodium  rulgare. 
Feverbush.    See  Benzoin  baizoin  and  Ile.v  vertidUaUi. 
Feverfew^  common.     See  Chrysanthemum  parthenium. 
Feverroot.     See  Triosteum  perfoliatum. 
Fevertwig.     See  Celastrus  scandens. 
Field-balm.     See  Glecoma  hederacea. 
Field-larkspur.     See  Delphinium  consolida. 
Field-sorrel.     See  Rumex  acetosella. 
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Flgwort^  Maryland.     See  Scrophiilfiria  marilandica. 

Fit  J  balsam-.     See  Abies  balsumea. 

Fireweed.     See  Erechtites  hieradfolUt. 

Fit-plant.     See  Monotropa  unijiora. 

Fitroot.     See  Monotropa  uniflora, 

Fivefinger.     See  PoterdiUa  canadensis. 

Flag,  blue.     See  Iris  versicolor. 

Flag,  cattail-.    See  Typha  kUi/olia. 

Flag,  sweet-.     See  Acorus  calamus. 

Flag,  water-.     See  Iris  versicoUyr. 

Flag-lily.     See  Iris  versicolor. 

Flannel-leaf.     See  Verbascum  thapsus. 

Fleabane,  Canada.    See  Erigeron  canadensis. 

Fleabane,  daisy-.     ^^  Erigeron  philadelphicus. 

Fleabane,  Philadelphia.    See  E>rigeron  philadelphicus. 

Flaxweed.    See  Euphorbia  nutans. 

Flytrap.     See  Sarracenia  purpurea. 

Foamflower.     See  Tiarella  cordifolia. 

Foxglove.     See  Digitalis  purpurea. 

Pragraria  vire^iniana  Duchesne.  Bose  family  (Bosaceae). 

Virginia  strawberry;  scarlet  strawberry. 

Native,  perennial  herb,  occurring  in  dry  noil  from  Canada  to  Georgia,  west  to 
Indian  Territory  and  Minnesota. 

Part  used. — Leaves  (nonoflficial). 

Fraiikenia  grandifolia  Cha  m.  &  Schlech t.    Frankenia  family  (Frankeniaceae ) . 

Yerba  reuma. 

Native,  perennial  herb,  8  to  13  inches  high,  common  in  salt  niarnhes  and  sandy 
localities  near  the  coast  in  California. 

Part  used. — Herb  (nonoflScial). 

Prasera  carolinenais  Walt.  Gentian  family  (Gentianaceae). 

Synonym. — Prasera  unlteri  Michx. 

American  columbo;  Indian  lettuce;  meadowpride;  pyramid-flower. 

Smooth,  perennia-  herb,  3  to  8  feet  high,  found  in  dry  soil  from  New  York  to 
Wisconsin,  south  to  Georgia  and  Kentucky. 

Part  used.  — Root  ( nonoflicial ) . 
Prasera  uHxlteri  Michx.     Same  as  Prasera  carolinensis. 
Prasinus  acuminata  Lam.     Same  as  Praxinus  americana. 
Praxinus  alba  Marsh.     Same  as  FS-ajcinus  americana. 

Praxinua  americana  L.  Olive  family  (Oleaceae). 

Synonyms. — Projciyius  alba  Marsh;  Prtwinus  acuminata  Lam. 

White  ash;  cane-ash. 

Laige,  native  forest  tree,  in  rich  woods  from  Nova  Scotia  to  Minnesota,  south  to 
Florida  and  Texas.     Occurs  chiefly  in  the  Northern  States  and  Canada. 

Part  used.— Bark  (nonofficial). 

Frazinua  nigra  Marsh.  Olive  family  (Oleaceae). 

Synonym. — FVaxinus  sambucifolia  Lam. 

Black  afih;  hoop-ash. 

Native  tree,  40  to  70  feet  in  height,  occurring  in  swamps  and  wet  woods  from 
Canada  to  Virginia  and  Arkansas. 

Part  used,  — Bark  ( nonofficial ) . 
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Fraximui  sambucifolia  Lam.     Same  aa  Fraainua  nigra. 

Fringe-tree.     See  Chionanthus  nrginica. 

FroBt-plant.     See  HeliarUheninm  canadenae. 

Frost  weed.     See  Heliantkemum  canadeu-se, 

Frostwort.     See  Hdiwiihemum  caruidense. 

Fuller' 8-herb.     See  Saponaria  officinalis. 

Fumaxia  officinalis  L.  Poppy  family  (Papaveraceae). 

Fumitory;  hedge-fumitory;  earth-smoke. 

Annual  plant,  10  to  15  inches  high,  adventive  from  Europe  and  found  in  waste 
places  about  dwellings,  in  cultivated  land,  and  on  ballast,  Nova  Scotia  to  the 
Gulf  States. 

Part  used. — Herb  ( nonofficial ) . 
Fumitory.  See  Fumaria  officinalU, 
Fumitory,  hedge-.     See  Fumaria  officinalis. 

Gagroot.     See  Lobelia  injfata. 
Gale,  sweet.     See  Myrica  gale. 

Galium  aparine  L.  Madder  family  (Kubiaceae). 

Cleavers;  goose-grass;  cleaverwort;  bedstraw;  catchweed. 

Annual  plant,  with  weak,  procumbent  stent,  2  to  6  feet  long,  growing  in  shady 
thickets  and  margins  of  woods,  New  Brunswick  south  to  Florida  and  TexaH. 
Naturalized  from  Europe. 

Part  used. — Herb  of  this  and  of  other  species  of  Galium  (nonofficial). 
Gall  weed.     See  Gentiana  quinquefolia. 
(jarden-balm.     See  Melma  officinalis. 
Garden-celandine.     See  Chelidonium  majus. 
Garden-columbine.     See  Aquilegia  vulgaris. 
Garden- valerian.     See  Valeriana  officinalis. 
Garget.     See  Phytolacca  decandra, 

Gaultheria  procumbens  L.  Heath  family  (Ericaceae). 

Wintergreen;  checkerl>erry;  mountain-tea;  teaberry;  deerberry. 

Small,  native  perennial,  with  evergreen  leaves,  found  in  sandy  soils  in  ei>ol, 
damp  woods,  especially  under  evergreen  trees,  in  Canada  and  the  northeastern 
United  States. 

Part  used. — Leaves  (nonofficial) ;  the  oil  of  gaultheria,  distilled  from  the  leaves. 
is  official. 

Gay -feather.     See  Lacinaria  scariosa  and  L.  spicata. 

Gelsemium.     See  Gelsemium  sempervirens. 

Gtolsemium  sempervirens  (L.)  Ait.  f.  Log'ania  family  (Log^aniaceae) . 

(lelsemium;  yellow  jasmine;  Carolina  jasmine;  wild  woodbine. 

Twining,  shrubby  perennial,  native,  growing  on  low  ground  in  woods  and 
thickets  from  eastern  Virginia  to  Florida  and  Texas,  mostly  near  the  coai?t. 

Parts  used. — Rhizome  and  roots  (official). 
Gemfruit.     See  TiareUa  cordi/olla. 
Gentian,  American.     See  Gentiana  saponaria. 
Gentian,  blue.     See  Gentiana  saponciria. 
Gentian,  five-flowered.     See  Gentiana  quinquefolia. 
Gentian,  horse-.     See  Triosteuw  perfoliatum. 
Gentian,  marsh-.     See  Gentiana  viUosa. 
Gentian,  snake-.     See  Nabalus  serpentarius. 
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Gentian,  soap  wort-.     See  Gentiana  saponaria. 

(ventian,  stiff.     See  Gentiana  qulnqdefolia. 

iTentlan,  straw-colored.     See  Gentiana  vUloata, 

Gentian,  Btriped.     See  Gentiana  villofKf. 

Gentian,  white.     See  Triosteum  perfoliaiuin. 

Gentiana  catesbaei  Walt.     Same  as  Gentiana  mponaria. 

Gentiana  ochroleuca  Froel.    Same  as  Gentiana  tillosa. 

Crentiana  quinqueflora  Lam.    Same  as  Gentiana  quinquefoliii. 

Oentiana  quinquefolia  L.  Gentian  family  (G«ntianacea«). 

Synonym. — Gentiana  quinqueflora  Lam. 

Stiff  gentian;  five-flowered  gentian;  agueweed;  gall  weed. 

Native,  annual  plant,  1  to  2  feet  in  height,  growing  in  pastures  and  other  open 
situations  from  Maine  to  Michigan,  south  to  Florida  and  Missouri. 

Parts  used. — Root  and  herb  (nonofficial). 

Gentiana  saponaria  L.  Gentian  family  (Gentianaceae). 

Synonym. — Gentiana  ccUesbaei  Walt. 

American  gentian;  blue  gentian;  soapwort-gentian. 

Native,  perennial  herb,  1  to  2J  feet  high;  in  wet  soil,  Ontario  to  Minnesota, 
south  to  Ijouisiana  and  Florida. 

Part  used. — Root  (nonofficial). 

Oentiana  villosa  L.  Gentian  family  (Gentianaceae). 

Synonym. — Gentiana  ochroleuca  Froel. 

Striped  gentian;  straw-colored  gentian;  marsh -gentian;  Sami)Son's-snakeroot. 

Native,  perennial  herb,  6  to  18  inches  high;  in  shaded  places,  Middle  and 
Southern  States. 

Part  used. — Root  (nonofficial ) . 
(xeranium.     See  Geranium  macvlulnm. 

Geranium  maculatum  L.  Geranium  family  (G^raniaceae). 

Geranium;  wild  craneV-bill;  spotted  crane's-bill;  wild  geranium;  spotted  gera- 
nium; alum-root. 

Native,  perennial  herb,  1  to  1 J  feet  high;  found  in  low  grounds  and  open  woods 
from  Canada  south  to  Cieorgia  and  Missouri. 

Part  used. — Rhizome  (official). 

Geranium,  spotted.    See  Geranium  maculatum. 

(Jeninium,  wild.    See  Geranium  maculatum. 

Geum  rivale  L.  Rose  family  (Rosaceae). 

Water-avens;  purple  aveuH. 

Native,  perennial  herb,  1  to  2  feet  high,  occurring  in  swamps  and  wet  meadowi* 
from  Canada  to  Pennsvlvania  and  Colorado,  especiallv  in  the  Northern  and 
Middle  States. 

Paris  used. — Rhizome  and  rootlet**  (nonofficial). 
(f  hostflower.     See  Monotropa  uniflora. 
(riUenia  trifoliala  Moench.     Same  as  Port^ranthus  trifoliatus, 
(xill-over-the-ground.     See  Gleroma  hederncea. 
i  linger,  Indian.     See  Asarum  canadense. 
Ginger,  wild.     See  Asarnm  canadense. 
Gingerroot.     See  Tussdago  farfaru. 
Ginseng.     See  Pamw  quinquefoliiim. 
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Olecoma  hederacea  L.  Mint  family  (Menthaceae). 

Synonym .  — Nepeta  glechoma  Ben th . 

Ground-ivy;  gill-over- the-ground;  catfoot;  field-balm. 

Low,  perennial  herb,  with  creeping  stem.  Naturalized  from  Europe  and  found 
in  waste  places,  woods,  and  thickets  from  Newfoundland  to  Minnesota,  soath 
to  (Teorgia  and  Kansas. 

Part  used. — Herb  ( nonofficial ) . 
Globeflower.     See  CephalanthtM  occidentalis. 
Gnaphalium  margaritaceum  L.     Same  as  Anaphalis  margariiacea. 

Gnaphalium  obtusifolium  L.  Aster  family  (Aateraceae). 

Synonym. — GnapJialium  pclycephalum  Michx. 

Sweet  balsam;  life-everlasting;  sweet  life-everlasting;  white  balsam. 

Native,  herbaceous  annual,  1  to  2  feet  high;  in  dry,  open  places  and  old  fields 
from  Nova  Scotia  and  Manitoba  south  to  Florida  and  Texas. 

Part  t«^d.— Herb  (nonofficial). 

Gnaphalium  polycephalum  Michx.     Same  as  Gnaphalium  obtusifolium, 

Gnaphaliuxn  ulign^nosuxn  L.  Aster  family  (Aateraceae). 

Mouse-ear;  low  cudweed;  marsh-cudweed;  wartwort;  dysentery-weed. 

Annual  herb,  2  to  8  inches  high,  occurring  in  damp  soil  from  Newfoundland  to 
Minnesota,  south  to  Indiana  and  Virginia;  apparently  naturalized  from  Euroi)e. 

Part  used, — Herb  (nonofficial). 
Gnaphalium  undulatum  Walt.     Same  as  Pterocaulon  undidaium. 
Goat' 8- rue.     See  Oracca  virginiana. 
Golden  rod,  anise-scented.     See  Soli  dago  odora. 
Goldenrod,  fragrant-leaved.    See  Solidago  odora. 
Goldenrod,  sweet.    See  Solidago  odora. 
Goldenseal.     See  Hydrastis  canadensis. 
Goldthread.    See  Copds  trifolia. 

Goodyera  pubescens  R.  Br.     Same  as  Peramium  puhescens. 
Goody  era  repens  R.  Br.     Same  as  Peramium  repens. 
Goose-grass.     See  Galium  aparine. 
Grape,  Oregon.     See  Berberis  aquifoUum. 
Grape,  Rocky  Mountain.     See  Berberis  aquifolium. 
Gravel-plant.     See  Epigaea  repens. 
Gravelroot.     See  Eupaiorium  purpureum. 
Gravel-weed.     See  Onosniodium  rirginianum. 
Greenbrier,  long-stalked.     See  Smilax  pseudo-china. 
Grindelia.     See  Grindelva  robusta  and  G.  squarrosa. 

Orindelia  robiuta  Nutt.  Aster  family  (Asteraceae). 

Grindelia;  gum-plant. 

Perennial  herb,  alxmt  IJ  feet  high,  native  in  the  States  west  of  the  Rocky 
Mountains. 

Parts  used. — Leaves  and  flowering  tops  (official). 

Grindelia,  scaly.     See  Grindelia  squarrosa. 

Grindelia  squarrosa  (Pursh)  Dunal.  Aster  family  (Asteraceae). 

Grindelia;  scaly  grindelia;  broad-leaved  gum-plant. 

Perennial  herb,  1  to  2  feet  hi^h,  native;  occurring  on  the  plains  and  prairies 
from  the  Saskatchewan  to  Mmnesota,  Texas,  and  California. 

Parts  used. — Leaves  and  flowering  tops  (official). 
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Gromwell,  Virginia  false.     See  Onosmodium  virginianum 
Groand-centaury.     See  Polygdla  nuUallii. 
Ground-ivv.     See  Glecoma  hederacea. 
Ground-raspberry.     See  Hydrastis  canadensis. 
Ground-squirrel  pea.     See  Jeffersonia  diphylki. 
Gum,  cotton-.     See  Nyssa  aquatica. 
Gum,  red.     See  Liquidambar  styraciflua. 
Gum,  star-leaved.     See  Liquidambar  styraciflua. 
Gam,  sweet-.     See  Liquidambar  styraciftuu. 
Gum,  tupelo.     See  Nyssa  aquatica. 
Gum-plant.     See  Grindelia  rohusta. 
Gura-plant,  broad-leaved.    See  Grindelia  squarrosa. 
Gypsy-flower.     See  Cynoglossum  officinale. 
Gypsy-weed.     See  Lycopus  virginicus. 

Hackmatack.     See  Larix  laridna. 

Haircap-moes.     See  Polytrichum  juniperinum. 

Ilamamelis.     See  Hamamelis  nrginiana. 

Hamamelifl  virg^iniana  L.  Witch-hazel  family  (Hamamelidaceae). 

Hamamelis;  witc^h-hazel;  winterbloora;  snapping  hazel. 

Indigenous  shrub,  found  in  low,  damp  woods  from  New  Brunswick  to  Minne- 
sota, south  to  Florida  and  Texas. 

Parts  used, — Leaves  (collected  in  autumn),  bark,  and  twigs  (official). 

Hanlhack.     See  Spiraea  tomentosa. 

Hart'.s-thom.     See  Rhamnus  cathartica. 

Haw,  black.     See  Viburnum  prunifolium. 

Hawk  weed,  early.     See  Ilieracium  venosum. 

Hawthorn.     See  CJrataeguH  oxyaccntha. 

Hazel,  snapping.     See  Hamamelis  nrginiami. 

Heal-all.     See  Prunella  I'ulgaris  and  Scropliularia  marilandira. 

Healing-herb.     See  Symphytum  officinale. 

Heart-liverleaf.    See  Hepatica  acuta. 

Heart.«ease.    See  Mola  tricolor. 

Hedeoma.     See  Hedeoma  pulegioides. 

Hedeoma  pulegioides  (L.)  Pers.  Mint  family  (Menthaceae). 

Hedeoma;  American  pennyroyal;  tick  weed;  equawmint. 

Low,  native,  annual  plant,  6  to  12  inches  high,  growing  in  barren  woods  and  dry 
fields.  Nova  Scotia  to  Minnesota,  south  to  Nebraska  and  Florida. 

Parts  used. — Leaves  and  flowering  tops,  and  the  volatile  oil  distilled  from  these, 
are  official. 

Hetlge-fumitory.     See  Fnmaria  offidnali*. 

Hedgethom.     See  Crataegus  oxyacaniha. 

Heleniiun  autumnale  L.  Aster  family  (Asteraceae). 

Sneeze  weed;  sneeze  wort;  swamp-sunflower. 

Native  perennial,  2  to  3  feet  high,  growing  in  swamps,  wet  fields,  and  meadows, 
Canada  to  Florida  and  Arizona. 

Part  used. — Herb  (nonofficial). 
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Helianthemum  canadense  (L.)  Michx.  Bock-rose  family  (Cistaceae). 

Frost wee<l;  fnjstwort;  frost-plant;  Canadian  rock-roee. 

Native,  perennial  herb,  about  one  foot  in  height;  in  dry,  sandy  soil,  Maine  to 
Wisconsin,  south  to  North  Carolina  and  Kentucky. 

Part  uwd. — Herb  ( nonofficial ) . 

Hellebore,  American.     See  Veratrum  riride. 

Hellebore,  green.     See  Veratrutn  riride. 

Hellebore,  swamp-.     See  Veratrum  viride, 

Helmetpo<l.     See  Jeffersonia  diphylla, 

Helonias  dioica  Pursh.     Same  as  Chamaelirium  ItUeum, 

Hemlock.     See  Thiga  caiiadensis. 

Hemlock,  poison-.     See  Conium  marulutum. 

Hemlock,  water-.     See  Cicuta  maculata. 

Hemlock-spruce.     See  Tmiga  canadeiuns. 

Hemp,  black  Indian.     See  Apocynum  cannabinum. 

Hemp,  Canadian.     See  Aj>oct/nu7n  caniiabinuni. 

Hemp,  white  Indian.     See  A^clepia*  incamata. 

Henbane.     See  Ilyoscyamiis  niger. 

Hepatica  acuta  (Pursh)  Britton.  Crowfoot  family  (BanunciQaceae). 

Synonym, — Hepatica  acutiloba  DC. 

Heart-liverleaf ;  sharp-lobed  liverleaf;  liverwort. 

Perennial  herb,  4  to  9  inches  high,  found  in  woods  from  Quebec  and  Ontario, 
south  to  (jreorgia  (but  rare  near  the  coast),  west  to  Iowa  and  Minnesota. 

Part  used. — Leaves  ( nonofficial ) . 
IleiHitica  iicutlloha  DC.     Same  as  Uepatica  acuta. 

Hepatica  hepatica  (L.)  Karst.  Crowfoot  family  (Baniinculaceae). 

Synonym. — Hepatica  triloba  Chaix. 

Round-lobed  liverleaf;  kidney-liverleaf;  liverwort. 

Perennial  herb,  4  to  6  inches  high;   in  woods  from  Nova  Scotia  to  northern 
Florida,  west  to  Iowa  and  Missouri;  less  common  than  the  heart-liverleaf. 

Part  used.  — Leaves  (nonoffi  cial ) . 
Hepatica  triloba  Chaix.     Same  as  Hepatica  hepatica. 

Heracleum  lanatuxn  Michx.  Parsley  family  (Apiaceae). 

Masterwort;  cow-parsnip;  youth  wort. 

Native,  perennial  herb,  3  to  5  feet  high,  growing  in  moist  meadows  and  culti- 
vated ground  from  C'anada  south  to  North  Carolina,  Utah,  and  California. 

Parts  used. — Root,  leaves,  and  seeds  (nonofficial). 

Hercules-club.     See  Fagara  clava-h^culis. 

Heuchera  americana  L.  Sazifrag'e  family  ( Sazifiragraceae ) . 

Alum-root;  American  sanide. 

Native,  perennial  herb,  2  to  4  feet  in  height;  in  sha<ly,  rocky  woodlands  from 
Connecticut  to  Minnesota,  south  to  Alabama  and  Louisiana. 

Part  used. — Root  (nonofficial). 
Hickory,  shellbark-.     See  Hicoria  ovaia. 

Hicoria  ovata  (Mill.)  Britton.  Walnut  family  ( Juglandaceae) . 

Si/nonym. — Carya  alba  Nutt. 

Shagbark,  shelll)ark-hickory. 

Large,  native  tree,  sometimes  120  feet  in  height;  in  rich  soil  from  Quel>ec  to 
southern  Ontario  and  Minnesota,  south  to  Florida  and  Texas. 

Paiis  used, — Bark  and  leaves  (nonofficial). 


HIERACIUM    VEN08UM HYDRASTIS    CANADENSIS. 


37 


fiieraciuxn  venosuxn  L.  Chicory  family  (Cichoriaceae). 

Early  hawk  wee<l;  rattlesnake-weed;  bloixlwort;  Htri])ed  blood  wort. 

Perennial  herb,  1  to  2  feet  high,  native;  occurring  in  dry  woods  and  thickets 
from  Maine  to  Georgia,  west  to  Nebraska;  more  common  in  the  northern  and 
eastern  United  States. 

Airte  used. — Leaves  and  root  (nonofficial). 

Ili^hbelia.     See  lA>helm  ^iphilitica. 

1 1  i  ve-xine.     See  MUrJiella  repetis. 

Himrhound.     See  Marrubium  rulgare, 

lloarhound,  water-.     See  Lycopus  rirginiciis, 

linarhound,  wild.     S€»e  Enpntorxum  aromatienm. 

llog-potato.     See  Ipomoca pandurata. 

1 1 og'  s-bean .     See  Hyosctfa  m  us  v  iger. 

Hogweed.     See  Ambrosia  artemi»iaefoiia. 

I  folly,  American.     See  Ilex  ojxicn. 

H  ol  1  y ,  w hite.     See  Ilex  opaca . 

\  I  oney bloom .     See  A i>ocyn  u  m  a ndromem  ifolium. 

Hoodwort.     See  Scutellaria  taieriffora. 

Hooivash.     See  Fraxinus  nigra. 

H<)p-homl)eam.     See  (htnja  virtjiniana. 

Hop-tree.     See  Ptelea  trifoliata. 

Hornbeam,  hop-.     See  Oslrya  rirginiana. 

HorHe-l>alm.     See  (hllinsonia  ranadetuni*. 

Horse-chestnut.     See  Aesculus  hippocaMamtm. 

Horsefly- weed.     See  Baptisia  tinctoria. 

Hon^efoot.     See  Tumilago  farfarn . 

Horse-gentian.     See  TrioMeum  /terj'oliatujn. 

Horseheal.     See  Inula  helenium. 

Horsemint.     See  Monarda  jiMulomt  and  M.  punctata. 

Horse-nettle.     See  Solan  urn  carol  i)ierntf. 

Horsetail.     See  Etpxisetum  hijemdle. 

1  lorseweed.     See  Erigeron  canadensis. 

HoundVtong^ie.     See  (ynoglosstim  officinale. 

Hydrangea.     See  Hydrangea  arlnyrescens. 

Hydrangea  arborescens  L.  Hydrangea  family  (Hydrangeaceae). 

Hydrangea;  wild  hydrangea;  seven -barks. 

Indigenous  shrub,  5  or  6  feet  in  height;  on  rocky  river  Vmnks  from  southern 
New  York  to  Florida,  west  to  Iowa  and  Missouri;  very  abundant  in  the  val- 
ley of  the  Delaware. 

Pari  used. — Root  (nonoflicial) . 
I  lydrangea,  wild.     See  Hydrangea  arhorescens. 
I  lydrastis.     See  Hydrastis  canadensis. 

Hydrastis  canadensis  L.  Crowfoot  family  (Ranunculaceae). 

Hydrastis;  goldenseal;  yellowroot;  ground-raspberry;  orangeroot;  yellow 
puccoon. 

Perennial  herb,  about  1  foot  in  height,  native  in  rich  soil  in  shady  w(>o<ls, 
southern  New  York  to  Minnesota,  south  to  (leorgia  and  Missouri,  but  prin- 
cipally in  Ohio,  Indiana,  Kentucky,  and  West  Virginia. 

Parts  used. — Rhizome  and  roots  (official). 
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Hyoecyamus.     See  Hyoscyamus  niger. 

HyoBcyaznus  ni§:er  L.  Potato  family  (Solanaoeae) . 

Hyoecyamus;  henbane;  hog's-bean;  insane-root. 

Biennial  herb,  6  inches  to  2  feet  high,  sparingly  naturalized  from  Europe,  in 
waste  places  from  Nova  Scotia  to  Ontario,  New  York,  and  Michigan. 

Parts  used. — Leaves  and  flowering  tops  from  plants  of  second  year's  growth 
(official);  seeds  ai-e  also  used  (nonomcial). 

Hypericum  perforatum  L.  St.  John's-wort  family  (Hypericaceae). 

John*s-wort;  common  St.  John's-wort. 

Herbaceous  perennial,  1  to  2  feet  high,  naturalized  from  Europe;  common  in 
fields  and  waste  places  throughout  almost  the  entire  United  States,  except  the 
Southern  States. 

Part  used. — Herb  (nonofficial). 

Hyssop.    See  Hyssopus  officinalu. 

Hyssop,  wild.     See  Verbena  hastata. 

Hyssop-skullcap.     See  ScideUaria  iniegrifolia. 

Hy88opu8  officinalis  L.  Mint  family  (Menthaceae). 

Hyssop. 

Perennial  herb,  1  to  3  feet  high,  naturalized  from  Europe,  and  found  along  road- 
sides and  in  waste  places  from  Ontario  and  Maine  to  North  Carolina,  and  on 
the  Pacific  coast. 

Part  used. — Herb  (nonofficial). 

Ilex  opaca  Ait.  Holly  family  (Aquifoliaceae). 

American  holly;  white  holly. 

Native  tree,  20  to  40  feet  in  height,  with  evergreen  leaves;  in  moist  woodlands, 
Maine  to  Florida,  and  west  to  Missouri  and  Texas;  most  abimdant  in  the 
Atlantic  States. 

Parts  used. — Leaves  and  bark  (nonofficial). 

Ilex  verticillata  (L. )  A.  Gray.  Holly  family  (Aquifoliaceae). 

Synonym. — Prinos  verticillata  L. 

Black  alder;  feverbush;  Virginia  winterl)erry. 

A  native  shrub,  growing  in  moist  woods  and  along  banks  of  streams  from  Nova 
Scotia  to  Florida,  west  to  Wisconsin  and  Missouri. 

Parts  used. — Bark  and  berries  (nonofficial). 

Impatiena  aurea  Muhl.  Jewelweed  family  (Impatientaceae). 

Synonym. — Impatiens  pallida  Nutt. 

Jewelweed;  pale  touch-me-not;  snapweed;  wild  celandine. 

Native,  annual  plant,  2  to  4  feet  high,  found  in  rich  soil  in  moist,  shady  places 
from  Quebec  to  Oregon,  south  to  Georgia  and  Kansas. 

Part  used. — Herb  (nonofficial). 

Impatiens  biflora  Walt.  Jewelweed  family  (Impatientaceae). 

Synonym . — Impaliens fuha  Nutt. 

Jewelweed;  spotted  touch-me-not;  snapweed;  silverleaf. 

Native,  annual  plant,  2  to  5  feet  high,  growing  in  rich  soil  in  moist,  shady  places 
from  Canada  to  Alaska  and  Oregon,  south  to  Florida  and  Missouri;  more  com- 
mon than  the  pale  touch-me-not. 

Part  used. — Herb  (nonofficial). 
Impatiens  fidva  Nutt.     Same  as  Impatiens  biflora. 
Impatiens  pallida  Nutt.     Same  as  Impatiens  aurea. 
Indian-cup.     See  Silphinm  perfollatum. 
Indian-paint.     See  Sanguinaria  camidaisis. 
Indian-physic.     See  Porteranthus  trifoliatuti. 


INDIAN-PIPE JASMINE,   YELLOW.  39 

Inilian-pipe.     See  Monotropa  unijlora. 
Indiaii-root.     See  Aralia  racemom. 
Indigo,  American.     See  Bapti»ia  tindoria. 
Indigc),  wild.     See  Baptma  tindoiia. 
Indigo,  yellow.     See  Baptma  iinctoria. 
Indigo-weed.     See  Baptima  iinctoria. 
Inkberry.     See  Phytolacca  decandra. 
Inkroot.     See  L*monium  carolinianum. 
Insane-root.     See  Hyoscyamus  niger. 
Inula.     See  Inula  heJenium. 

Inula  belenium  L.  Aster  family  ( Asteraceae). 

Inula;  elecampane;  horseheal;  scabwort. 

Rough,  perennial  herb,  3  to  6  feet  high,  naturalized  from  Europe,  and  found 
.  along  roadsides  and  in  fields  and  pastures  from  Nova  Scotia  to  North  Carolina, 
westward  to  Missouri  and  Minnesota. 

Part  iw<?cf.— Root  (official  in  U.  S.  P.  1890). 

Ipecac,  American.     See  Euphorbia  ipecacuanhae. 

Ipecac,  Carolina.     See  Euphorbia  ipecacuanhae. 

Ipecac,  false.     See  PorterarUhus  trifoliatus. 

Ipecac,  milk-.     See  Euphorbia  coroUata. 

Ijjecac,  wild.  .  See  Euphorbia  ij)ecacuanhae  and  Trionteum  perfoliatum. 

Ipecac-spurge.     See  Euphorlna  ipecacuanhae. 

Ipomoea  pandurata  (L.)  Meyer.        Moming:-glory  family  (Convolvulaceae). 

Synonym, — .Convolvulus  panduratus  L. 

Manroot;  man-of-the-earth;  wild  potato;  hog-potato;  wild  jalap. 

Native  perennial,  with  trailing  stems  2  to  12  feet  long;  in  dry  fields  or  on  hilln 
from  Connecticut  to  Michigan,  south  to  Florida  and  Texas. 

Part  used. — Root  (nonofficial). 

Iris.     See  Iris  versicolor. 

Iris  verflicolor  L.  Iria  family  (Iridaceae). 

Iris;  blue  flag;  flag-lily;  liver-lily;  water-flag;  snake-lily. 

Native,  perennial  plant,  2  to  3  feet  high,  found  in  wet,  marshy  localities  from 
Newfoundland  to  Manitoba,  south  to  Florida  and  Arkansas. 

Parts  used. — Rhizome  and  roots  (official  in  U.  S.  P.  1890). 
Iron  wood.     See  Ostrya  nryiniana. 
Ivy,  American.     See  Parihenocissus  quinquefplia. 
Ivy,  ground-.     See  Glecoma  hederacea. 
Ivy,  jH>i8on-.     See  Rhus  r(ul icons  and  R.  toxicodmdron. 

Jack-in-the-pulpit.     See  Arisaema  triphyllum. 
Jacob* s-ladder.     See  Polemonium  reptans. 
Jacob* fi-ladder,  American.     See  Smilax  herhacea. 
Jalap,  wild.     See  Ipomoea  pandurata. 
James-tea.     See  Ledum  groenlandicum. 
Jam€?8town-weed.     See  Datura  stramonium. 
Jasmine,  Carolina.    See  Oelsemium  sempernrms. 
Jasmine,  yellow.     See  Gelsemium  semperrirenn. 
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Jeffersonia  diphylla  (T^.)  Pers.  Barberry  family  (Berberidaceae). 

Twinleaf;  rheumatism-root;  helmetpod;  yellowroot;  ground-squirrel  pea. 

Native,  perennial  plant,  8  to  14  inches  in  height,  growing  in  woods  and  near 
streams  from  New  York  to  Virginia,  westwani  to  Wisconsin. 

Pari  used. — Rhizome  (nonoflScial). 
Jewel  weed.     See  Impatiens  aurea  and  /.  hiflora. 
Jimson-weed.     See  Datura  Hramonium. 
Job's-tears,  wild.     See  Onosmodium  virginianum. 
Joe-Pye-weed.     See  EupcUorium  purpureum. 
John's- wort.     See  Hypericum  perforatum. 
Judas-tree.     See  Cercis  caimdenm. 
Juglans.     See  Juglans  cinerea. 

Julians  cinerea  L.  Walnut  family  ( Juglandaceae). 

Juglans;  butternut;  white  walnut. 

Indigenous  tree,.  20  to  50  feet  in  height,  common  in  rich  woods  from  New  Bruns- 
wick to  North  Dakota,  south  to  (Borgia,  Mississippi,  and  Arkansas. 

Part  used. — Bark  of  root,  collected  in  autumn  (official  in  V.  S.  P.  1890). 
Juniper.     See  Juniperus  roinmunla. 

Juniperus  communis  L.  Pine  family  (Pinaceae). 

Juniper. 

Evergreen  shrub  or  low  tree,  common  on  dry,  sterile  hills  from  Canada  south 
to  New  Jersey,  west  to  Nebraska,  and  in  the  Rocky  Mountains  to  New  Mexico. 

Part  xLsexi. — Fruit  (nonofficial).    The  oil  of  juniper,  distilleil  from  the  fruit,  is 
official. 

Juniperus  sabina  L.  Pine  family  (Pinaceae). 

Sabina;  savin;  shrubby  red  cedar. 

A  shrub,  usually  procumbent,  seldom  more  than  4  feet  in  height,  occurring  in 
rocky  places  in  the  northern  United  States. 

Part  t«<?if.— Top.**,  and  the  oil  of  savin,  distilled  from  the  fresh  tops,  are  official. 

Juniperus  virgplniana  L.  Pine  family  (Pinaceae). 

Red  cedar;  red  savin. 

A  tree,  sometimes  100  feet  in  height,  common  in  dry  soil  from  Canada  to  Florida 
and  Arizona. 

Parts  used. — Leaves  and  "cedar  apples"  (nonofficial). 

Kalmia  an^stifolia  L.  Heath  family  (Ericaceae). 

Sheep-laurel;  lambkill;  calfkill;  narrow-leaved  laurel. 

Native,  evergreen  shrub,  about  3  feet  high,  growing  in  moist  soil  from  Canada 
south  to  Georgia. 

Pari  used. — I^eaves  (nonofficial). 

Kalmia  latifolia  L.  Heath  family  (Bricaceae). 

Mountain-laurel;  calico-bush;  broad-leaved  laurel;  sheep-laurel. 

Native,  evergreen  shrub,  10  to  20  feet  high,  growing  in  sandy  or  rocky  soil 
from  New  Brunswick  to  Ohio,  Florida,  and  I^uisiana. 

Part  used. — I>eaves  ( nonofficial ) . 
Kidney-liverleaf.     See  Hepatica  hepatica. 
Kidneynwt.     See  Eupatorium  purpureum. 
Knight's-spur.     See  Delphinium  consolida. 
Knobroot.     See  CoUinsonia  canadensis. 
Knotweed,  biting.     See  Polygonum  hydropiper. 
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Koellia  montana  (Michx.)  Kuntze.  Mint  fcunily  (Menthaceae). 

Synonym. — Pycnanthemum  montanum  Michx. 

Thin-leaved  mountain-mint. 

Native  perennial,  2  to  3  feet  high,  found  in  woo<1h  from  scjuthem  Virginia  to 
Georgia  and  Alabama. 

Part  used. — Herb  (nonoflScial). 

Xoellia  piloaa  (Nutt.)  Britton.  Mint  family  (Mentliaceae). 

Synonym. — Pijcnanihemum  pilosum  Nutt. 

Hairy  mountain-mint. 

Native  perennial,  1  to  2 J  feet  high,  occurring  in  prairieH  and  dry  woods  from 
Ohio  to  Georgia,  west  to  Minsouri  and  Arkansas. 

Part  used.  — Herb  ( nonofficial ) . 

I«acinaria^8cariosa  (L.)  Hill.  Aster  family  (Aster aceae). 

Synonym. — IJalrin  Kcarima  Willd. 

Blue  blauiigstar;     large  button-snakeroot;     rattlesnake-master;     gay-feather; 
devir  8-bit. 

Native,  perennial  herb,  4  to  5  feet  high,  found  in  dry  woods  and  nandy  fields 
from  Maine  to  Florida,  west  to  Texas  and  Nebraska. 

Part  used. — Root  (nonofficial). 

Itacinaria  spicata  (L.)  Kuntze.  Aster  family  (Asteraceae). 

Synonym. — Liairis  spicata  Willd. 

Dense   button-snakeroot;    colic-root;    prairie-pine;    gay-feather;    rattlesnake- 
master;  corn-snakeroot;  backache-root. 

Native,  perennial  herb,  2  to  5  feet  high,  in  moist  places  from  Massachusetts  to 
Florida,  west  to  Wisconsin  and  Arkansas. 

Part  used. — Root  ( nonofficial ) . 

Xiacinaria  squarrosa  (L. )  Hill.  Aster  family  (Asteraceae). 

Synonym. — Liatris  squarrosa  Willd. 

Scaly  blazingstar;  colic-root;  rattlesnake-master  (in  the  South). 

Native,  perennial  herb,  2  to  3  feet  high,  in  dry  soil,  Ontario  to  Florida,  west  to 
Nebraska  and  Texas. 

Part  used. — Root  (nonofficial). 

Ijactuca  canadensis  L.  Cliicory  family  ( Cichoriaceae) . 

Synonym. — Lactnca  elongata  Muhl. 

Wild  lettuce;  tall  lettuce;  wild  opium;  trumpet^milkwee<l. 

Annual  or  biennial  plant,  3  to  10  feet  in  height,  native  in  moist,  open  places, 
British  America  south  to  Georgia  and  Louisiana. 

Part  used. — Herb  ( nonoflficial) . 
iMCtuca  elongata  Muhl.     Same  as  Laduca  canadensis. 
I^diss-slipper,  large  yellow.     See  Cypripedium  hirsutmn. 
Indies-slipper,  small  yellow.     See  Cypripediinn  parnfiorum. 
Lady-fern.     See  Athyrium  filix-foemina. 
Lady's-glove.     See  Digitalis  purpurea. 
Inmbkill.     See  Kalmia  angustifolia. 
I^appa.     See  Arctium  lappa. 
Ixippa  major  Gaertn.     Same  as  Arctium  lappa. 
Tnrch,  American.     See  lAiri.v  laricina. 
Inrch,  black.     See  Larix  laricina. 
Lurix  americana  Michx.     Same  as  Ixiriv  laricina. 
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Laxix  laricina  (Du  Roi)  Koch.  .  Pine  family  (Pinaoeae). 

Synonym. — Lara-  americana  Michx. 

Tamarack;  American  larch;  hackioatack;  black  larch. 

A  tall,  slender  tree,  native  in  swampy  woods  and  moist  places  from  Canada 
south  to  New  Jersey,  Indiana,  and  Minnesota. 

Part  used. — Bark  (nonofficial). 
Lark-heel,     ^ee  Delphinium  consolida. 
Larkspur,  field-.    See  Delphinium  consolida. 
Larkspur,  tall.     See  under  Delphinium  consolida. 
Laurel,  broad-leaved .    See  Kalmid  latifolia. 
Laurel,  deer-.     See  Rhododendron  maximum. 
Laurel,  great.     See  Rfiododendron  maximum. 
Laurel,  mountain-.     See  Kalmia  latifolia. 
Laurel,  narrow-leaved.    See  Kalmia  anguslifolia. 
Laurel,  rose-.    See  Rhododendron  maximum. 
Laurel,  sheep-.     See  Kalmia  anguMifolia  and  K.  latifolia. 
Laurel,  spui^ge-.     See  Daphne  mezereum. 
Laurel,  swamp-.     See  Magnolia  virginiana. 
Laurus  benzoin  L.     Same  as  Benzoin  benzoin. 
Lavender,  sea-.     See  Limonium  carolinianum. 
Leaf  cup,  yellow.     See  Polymnia  uvedalia. 
Leatherwood.     See  Dirca  palustris. 

Ledum  grroenlandicum  Oeder.  Heath  family  (Ericaceae). 

Synonym, — Ledum  latifolium  Ait. 

Labrador  tea;  continental  tea;  James-tea. 

Evergreen  shrub,  1  to  4  feet  high,  native  in  cold  bogs  and  damp  mountain 
•woods,  northern  part  of  the  United  States  and  in  Canada. 

Part  used. — Leaves  (nonofficial). 

Ledum  latifolium  Ait.     Same  as  Ledum  groenlandicum. 

Lemon,  wild.     See  Podophyllum  peliatum. 

Lemon-balm.     See  Melism  officinalis. 

Leonurus  cardiaca  L.      *  Mint  family  (Menthaoeae). 

Motherwort;  lion's-tail;  throw  wort. 

Perennial  plant,  2  to  5  feet  high,  naturalized  from  Europe,  and  occurring  in 
fields  and  waste  places  from  Nova  Scotia  to  North  Carolina  westward  to 
Nebraska. 

Part  used. — Herb  ( nonofficial ) . 

Leptamnium  virg-inianum  (L. )  Raf.         Broomrape  family  (Orobanchaceae). 

Synonyms. — Epiphegus  virginiana  Bart.;  Orobanche virginiana  L. 

Beechdrops;  cancerroot. 

Plant  6  inches  to  2  feet  in  height,  parasitic  upon  the  rootQ  of  beech  trees  from 
New  Brunswick  to  Florida,  west  to  Michigan  and  Louisiana. 

Part  used. — Whole  plant  (nonofiicial). 
Leptandra.     See  Veronica  virginica. 

Leptandra  virginica  (L.)  Nutt.     Same  as  Veronica  virginica. 
Leptilon  canadense  (L. )  Brit  ton.     Same  as  Erigeron  canadensis. 
Lettuce,  Indian.     See  Frasera  carolinensis. 
Lettuce,  tall.     See  Ijoctuca  canadensis. 
Lettu(.«,  white.     See  Nabalus  alhus  and  X.  serpentarius. 
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Lettuce,  wild.     See  Lactuca  canadensis. 

Ijeucanihemum  i-ulgare  Lam.     Same  as  Chrysanthemum  leucanthemum. 

Leverwood.     See  Ostrya  lirginiana. 

LicUris  odoraHssima  Michx.     Same  as  TrUisa  odoratimma. 

LialrUt  scariom  Willd.     Same  as  Lacinaina  scariosa. 

LicUris  spicala  Willd.     Same  as  Lacinaria  spicata. 

IJcUris  squarrosa  Willd.     Same  as  Lacinaria  squarrosa. 

Life-everlasting.     See  Anaphalis  margaritacea  and  Gnaphalium  obtusifolium. 

Lile-everlasting,  sweet.     See  Gnaphalium  obtusifolium. 

Liferoot.    See  Senecio  aureus. 

m 

Td^wstrvoD.  vulgare  L.  Olive  family  (Oleaceae). 

Privet;  prim  wort;  prim. 

A  shrub,  5  or  6  feet  high,  introduced  from  Europe;  escaped  from  cultivation  and 
grows  wild  in  Woods  and  along  roadsides  from  Ontario  to  Pennsylvania  and 
North  Carolina. 

Pari  used, — Leaves  (nonofficial). 

Lily,  cow-.     See'Nymphaea  advena. 

Lily,  flag-.     See  Iris  versicolor. 

Lily,  large  yellow  pond-.     See  Nymplmea  advena, 

Lily,  liver-.     See  Iris  versicolor. 

Lily,  snake-.     See  Iris  versicolor. 

Lily,  sweet-scented  water-.     See  Gastalia  odorata. 

Lilv,  water-.     See  Castalia  odorata. 

Lily,  white  jwnd-.     See  Castalia  odorata. 

Li ly-of -the- valley.     See  Convallaria  majcdis. 

Lime,  Ogeechee.    See  Nysaa  ogeche. 

lamonium  caroliniannm  (Walt. )  Britton. 

PlumbafiTO  family  ( Plumba^naceae ) . 

Synonym. — Statiee  caroliniana  Walt. 

Marsh-rosemary;  inkroot;  sea-lavender;  cankerroot. 

Native,  perennial  herb,  1  to  2  feet  high,  in  salt  meadows  on  the  Atlantic  and 
Gulf  coasts. 

Part  used.  — Root  ( nonofficial ) . 
Linden,  American.     See  TiUa  americana. 
Lindera  benzoin  Meissn.     Same  as  Benzoin  benzoin. 
Lion*s-foot.     See  Nabalus  albus  and  X.  serpentarius. 
LionVtail.     See  Leonurus  cardiaca. 

liiquidambar  styraciflua  L.  Witch-hazel  family  (Hamamelidaceae). 

Sweet-gum;  star-leaved  gum;  red  gum. 

Large,  native  tree,  80  to  140  feet  high,  in  moist  woods  from  C/onnecticut  to 
Florida,  Illinois,  and  Missouri.  Most  common  near  the  coast  in  the  Middle 
and  Southern  States. 

•  Parts  used. — Bark  and  resin  (nonofficial). 

Liriodendron  tiilipifera  L.  Magnolia  family  (Magnoliaceae). 

Tulip-tree;  yellow  poplar;  whitewood;  tulip-poplar;  canoewood. 

An  indigenous  tree,  60  to  190  feet  in  height,  growing  in  rich  woods  from  New 
England  to  Florida,  west  to  Michigan  and  Arkansas;  reaches  greatest  size  in 
the  Middle  and  Southern  States. 

Part  used, — Bark  of  trunk  and  of  root  (nonofficial). 
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Lithospermum  virginianum  L.     Same  as  Onosmodium  virginianum. 

Liverleaf,  heart-.     See  HejxUica  acuta. 

Liverleaf,  kidney-.     See  Hepatica  hepatica. 

Liverleaf,  round-lobecL     See  Hepatica  kejKiHca. 

Liverleaf,  sharp-lobed.     See  Hepatica  acuta. 

Liver-lily.     See  Iris  versicolor. 

Liverwort.     See  Hepatica  acuta  and  //.  Iirpatica. 

Lobelia.     See  Lobelia  inflata. 

Lobelia,  blue.     See  Lobelia  siphUUica. 

liObelia  cardinalis  L.  Bellflower  family  (Gampanolaceae). 

Cardinal-flower;  red  cardinal;  red  lobelia. 

Native,  perennial  herb,  2  to  4  feet  high,  with  showy  scarlet  flowers;  in  moist 
soil  from  British  America  south  to  Florida  and  Texas. 

Part  used. — Herb  ( nonofficial ) . 
Lobelia,  great.     See  Lobelia  siphUUica. 

liObelia  inflata  L.  Bellflower  family  (Campaaulaceae). 

Lobelia;  Indian  tobacco;  gagroot;  vomitwort;  bladderpod.        * 

Native,  annual,  herbaceous  plant,  1  to  3  feet  high,  poisonous;  in  dry  soil,  fields, 
old  pastures,  and  along  roadsides  from  Canada  to  Georgia,  Nebrasika,  and 
Arkansas. 

Parts  used. — ^Leaves  and  tops,  collected  after  a  portion  of  the  capsules  have 
become  inflated  (official).     The  seeds  are  also  used  (nonoflScial). 

Lobelia,  red.     See  Lobelia  cardinalis. 

liObelia  siphilitica  L.  Bellflower  family  (Campaaulaceae). 

Blue  cardinal-flower;  great  lobelia;  blue  lobelia;  highbelia. 

Native,  i)erennial  herb,  about  1  to  3  feet  high,  growing  in  moist  soil  from  Ontario 
to  Georgia,  west  to  Louisiana  and  the  Dakotas. 

Part  used. — Herb  (nonofficial). 
Locust,  black.     See  Robinia  pseud<tcac\a. 
Locu.st,  yellow.     See  Robinia  pseudacacia. 
Locust-plant.     See  Qissia  marilandica. 
Locust-tree.     See  Robinia  pseudacacia. 
Lycopodium.     See  Lycopodium  clavatum. 

Lycopodium  clavatum  L.  Olub-moss  family  (Lycopodiaceae). 

Lycopodium;  club-moss;  stag's-hom. 

Native  perennial,  with  trailing  stem,  growing  in  dry  situations  in  woocls  frt>iii 
Canaoa  to  North  Carolina,  Michigan,  and  Washington. 

Part  used. — Spores  of  this  or  of  other  species  of  Lycopodium  (official). 

Lycopus  virpinicus  L.  Mint  family  (Menthaceae). 

Bugle  weed;  sweet  bugle;  water-bugle;  gypsy-weed;  water-hoarhound. 

IndigenoiLS,  perennial  herb,  10  to  20  inches  in  height;  in  wet,  shady  plac^es  from 
Canada  to  Florida,  Missouri,  and  Nebraska. 

Part  used. — Herb  (nonoflScial). 

Mad  weed.     See  Scutellaria  lateriflora. 

Magnolia  acuminata  L.  Magnolia  family  (Magnoliaceae). 

Cucumber-tree;  mountain-magnolia;  blue  magnolia. 

Native  tree,  60  to  80  feet  in  height,  occurring  in  the  mountainous  regions  from 
New  York  to  Georgia.     More  abundant  in  the  Southern  States. 

Part  used. — Bark  (nonofficial). 
Magnolia,  blue.     See  Magnolia  acuminata. 
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Magnolia  glauca  L.     Same  as  Magnolia  virginiana. 
Magnolia,  mountain-.     See  Magnolia  acuminata. 
Magnolia,  sweet.     See  Magnolia  virginiana. 

Magnolia  tripetala  L.  Magnolia  family  (Magnoliaceae). 

Synonym, — Magnolia  umbrella  Lam. 

Cucumber-tree;  umbrelia-tree;  elk  wood. 

A  small  native  tree,  not  more  than  40  feet  high,  growing  in  rather  moist,  rich 
soil;  widely  distributed  in  the  Appalachian  Mountain  region,  but  nowhere 
very  common. 

Part  used.  — Bark  ( nonofficial ) . 

Magnolia  umbrella  I^m.     Same  as  Magnolia  tripetala. 

Magnolia  virginiana  L.  Magnolia  family  (Magnoliaceae) . 

Synonym. — Magnolia  glauca  L. 

White  bay;  sweet  bay;  sweet  magnolia;  l)eaver-tree;  swamp-sassafras;  swamp- 
laurel. 

A  native  tree,  averaging  about  25  feet  in  height,  growing  in  swamps  and 
morasses,  Massachusetts  to  the  (iulf  of  Mexico. 

Part  used. — Bark  (nonofficial). 
Maidenhair-fern.     See  Adiantum  pedatum.- 
Male-fern.     See  Dryopteris  Jilix-mas. 
Mallow,  common.     See  Malva  sylrestris. 
Mallow,  dwarf.     See  Malva  rotundifolia. 
Mallow,  high.     See  Malva  sylvestris. 
Mallow,  low.     See  Malva  rotundifolia. 
Mallow,  running.     See  Malva  rotundifolia. 

Malva  rotundifolia  L.  Mallow  family  (Malvaceae). 

Ix)w  mallow;  running  mallow;  cheeses;  dwarf  mallow. 

Annual  or  biennial  procumbent  plant,  naturalized  from  Europe,  and  widely  dis- 
tributed as  a  weed  in  waste  places. 

Parts  used. — Leaves  and  flowers  (nonofficial). 

Malva  sylvestris  L.  Mallow  family  (Malvaceae). 

High  mallow;  common  mallow;  cheeseflower. 

Biennial  herb;  adventive  from  Europe;  sparingly  distribute*!  in  the  United 
States  and  Canada,  growing  in  waste  places  and  along  roadsides. 

Part  used. — Flowers  (nonofficial). 

Mandrake,  American.     See  Podophyllum  peltatum. 
Mandrake,  wild.     See  Podophyllum  peltatum. 
Man-of-the-earth.     See  Ipomoea  panduratu. 
Manroot.     See  Ipomoea  pandurata. 
Manzanita.     Hee  Arrtostaphylos  glauca. 
Maple,  red.     See  Acrr  ruhrum. 
Maple,  swamp-.     See  Acer  ruhrum. 
Maple,  vine-.     See  Menis^permum  canadense. 
Marrubium.     See  Marruhium  vulgare. 

Marrubium  viilgare  L.  Mint  family  (Menthaceae). 

Marrubium;  hoarhound. 

Bushv,  perennial  herb,  1  to  3  feet  high,  naturalized  from  Europe,  and  growing 
in  dry,  sandy  soil,  in  fields  and  waste  places,  from  Maine  southwani  to  Texas 
and  westward  to  California  and  Oregon. 

Parts  used. — Leaves  and  flowering  tops  (official). 
Marsh -cud  weed.     See  (rnaphalium  uliginosuvi. 
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Marsh-gentian.     See  Gentiana  vUlma. 

Marshmallow.     See  Althaea  officiruilia. 

Marsh-rosemary.     See  Limonium  caroUniqtium. 

Marsh-trefoil.     See  Menyanthes  trifoHaia. 

}fartUa  coitda  DC.     Same  as  Anthemis  cotiUa. 

Master  wort.    See  Angelica  atroparpurea  and  Heraclevm  lanatum, 

May-apple.    See  Podophyllum  peUatum. 

Mayflower.    See  Epigaea  repena. 

May-pops.    See  Pamflora  incamaia. 

Maythom.    See  Crataegus  oxyacantha. 

Mayweed.    See  Anthemis  cotul<i. 

Meadow-clover.    See  Trifolium  pratense. 

Meadow-fern.    See  Ck>mptonia  peregrina, 

Meadowpride.    See  Frasera  caroUnengis, 

MeadowHscabish.    See  A»ter  puniceus. 

Meadowsweet,  pink.    See  Spiraea  tomentom. 

Mealy-tree.    See  Vibunium  dentatum. 

Melilot,  yellow.    See  MelHotus  officinalis. 

Melilotus  officinalia  (L.)  Lam.  Pea  family  (Fabaceae). 

Yellow  melilot;  yellow  sweet  clover. 

Annual  or  biennial  herb,  1  to  3  feet  high,  introduced  from  Euro|w,  an<i  occurring 
in  waste  plac^es  throughout  the  eastern  United  States. 

Parts  used. — Leaves  and  flowering  tops  (nonofficial). 

Melissa.     See  Melissa  officinalis. 

Melissa  officinalis  L.  Mint  family  (Menthaceae). 

Melissa;  balm;  lemon-balm;  garden-balm;  sweet  balm. 

Perennial  herb,  10  to  20  inches  high,  naturalized  from  Eurojie,  and  growing  in 
waste  places,  fields,  and  woods  from  Maine  to  Georgia. 

Parts  used. — Leaves  and  tops  (official  in  U.  S.  P.  1890). 

Menispermum.     See  Menispermiun  cnnadense. 

Menispermum  canadense  L.  Moonseed  family  (Menispermaceae). 

Menispermum;  yellow  parilla;  Canada  moonseed;  Texas  sarsaparilla;  vine-maple. 

Native,  perennial,  woody  climber,  found  in  woods  along  streams  from  Canada 
to  Georgia  and  Arkansas. 

Parts  used. — Rhizome  and  roots  (official  in  U.  S.  P.  1890). 

Mentha  piperita.     See  yfentha  piperita  L. 

Mentha  piperita  L.  Mint  family  (Menthaceae) . 

Mentha  piperita;  peppermint. 

Aromatic,  perennial  herb,  1  to  2  feet  high,  naturalized  from  Europe,  and  ocx-ur- 
ring  in  damp  places  from  Nova  Scotia  to  Minnesota,  south  to  Florida  and  Ten- 
nessee.   Cultivated  principally  in  Michigan  and  New  York. 

Parts  used. — Leaves  and  flowering  tops,  and  the  oil  of  peppermint  distilled  from 
these,  are  official. 

Mentha  spicata  L.  Mint  family  (Menthaceae). 

Synonym. — Mentha  viridis  L. 

Mentha  viridis;  spearmint. 

Aromatic,  perennial  herb,  1  to  2  feet  high,  naturalized  from  Europe,  and  grow- 
ing in  moist  fields  and  waste  places  from  Nova  Scotia  to  Utah,  south  to  Florida 
and  Kansas.    Also  cultivated. 

Paris  used. — Leaves  and  flowering  tops,  and  the  oil  of  spearmint  distille<i  from 
these,  are  official. 
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Mentha  viridis.     See  Mentha  spicata. 
Mentha  viridis  L.    Same  as  Mentha  »pirata. 

DCenyanthes  trifoliata  L.  Buck-bean  family  (Menyanthaceae) . 

Buck-bean;  bog-bean;  marsh-trefoil;  water-shamrock. 

Indigenous,  perennial  plant,  about  1  foot  in  height,  found  in  spongy,  boggy 
soils  and  swamps  from  Canada  and  Alai^ka  south  to  Pennsylvania,  Minnesota, 
and  California. 

Parfji  ufied. — Rhizome  an<l  leaves  (nonoffioial). 

Mezerecm.     St»e  Daphne  mezereitm. 

Mezereon,  American.     See  Dirvn  piiluHtna, 

Mezereum'.     See  Daphne  mezerntm. 

Mezeretim  officinamm  C.  A.  Mey.     Same  as  Daphne  mezereum. 

Micromeria  chamissonis  (Benth.)  Greene.  Mint  family  (Menthaceae). 

Synonym. — Micromeria  douglasii  Benth. 

Yerba  buena. 

A  trailing,  perennial  herb,  common  in  woods  along  the  Pacific  coast  of  the  United 
States. 

Part  used. — Plant  ( nonofficial ) . 
Micromeria  douglasii  Benth.     Same  as  Micromeria  chamissonis. 
Milfoil.     See  Achillea  mUlefolium. 
Milk-ipecac.     See  Euphorbia  corollata. 
Milk-purslane.     See  Euphorbia  nutans. 
Milkweed,  common.     See  Asdepias  syriaca. 
MilkM'eed,  swamp-.     See  Asclejrias  inrarnata. 
Milkweed,  trumpet-.     See  iMctuca  canadensis. 
Milkwort,  Nuttall's-.     See  Poly  gala  nuttallii. 
Mint,  hairy  mountain-.     See  Koellia  pilosa. 
Mint,  mountain-.     See  Monarda  didyma. 
Mint,  thin-leaved  mountain-.     See  Koellia  montana. 
Mistletoe.     See  Phorad^idron  ftavescens. 
Mistletoe,  American.     See  Phoradendron  flavescens. 

Mitchella  repens  L.  Madder  family  (Bubiaceae). 

Squaw- vine;  checkerberry;  partridgeberry;  deerberry;  hive-vine;  squaw berr}'. 

Small,  creeping,  evergreen  herb,  common  in  moist  woods  from  Nova  Scotia  to 
Minnesota,  south  to  Florida  and  Arkansas. 

Part  used. — Plant  (nonofficial). 
Miterwort,  false.    See  Tiardla  cordifolia. 
Moccasin-flower,  yello#.     See  Cypripedium  hirsutum. 
Mohawk-weed.     See  Uuularia  perfoliata. 

Monarda  didyma  L.  Mint  family  (Menthaceae). 

Bee-balm;  Oswego  tea;  mountain-mint;  scarlet  balm. 

Native  perennial,  2  to  3  feet  high,  growing  in  moist  soil,  especially  along  streams, 
from  New  Brunswick  to  Michigan  and  south  to  Georgia. 

Part  used. — Herb  (nonofficial). 

Monarda  fistulosa  L.  Mint  family  (Menthaceae). 

Wild  bergamot;  horsemint. 

Native  perennial,  2  to  3  feet  high,  found  on  dry  hills  and  in  thickets  from 
Ontario  south  to  Florida  and  Louisiana. 

Pari  used. — Herb  (nonofficial). 
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Monarda  punctata  L.  Mint  family  (Menthacea^). 

Horsemint. 

Native,  perennial  herb,  2  to  3  feet  high,  found  in  dry,  sandy  fields  from  New 
York  to  Florida,  west  to  Wisconsin  and  Texafl. 

Part  iLsed. — Herb  (nonofRcial). 

iMConotropa  uniflora  L.  Indian-pipe  family  (Monotropaceae). 

Indian-pipe;  fit-plant;  fitroot;  ghostflower;  pipe-plant. 

A  curious  plant,  white  in  all  it^  parts,  growing  in  rich,  moist  wo<m1h  from  Canada 
to  Florida,  westward  to  Washiiigton  and  California. 

Pari  uaed. — Root  (nonofRcial). 
Moonseed,  Canada.     See  Meiuiipernmm  cai\a(UniM, 
Moose-elm.     See  Uhmuf  fidva. 
Moosewood.     See  Dirca  palustris. 
Mortification-root.     Si»e  Althaea  officinale. 
Moss,  club-.     See  Lycopodium  clavatum. 
Moss,  haircap-.     See  Polytrichum  jumperinum. 
Motherwort.     See  fjeonuriis  cardiaca. 
Mountain-ai^h,  American.     See  ASorbus  americaiui. 
Mountain-balm.     See  Eriodictyon  califamicum. 
Mountain-laurel.     See  Kalmia  latifolia. 
Mountain-magnolia.     See  Magnolia  acuminata. 
Mountain-mint.     See  Monarda  didyma. 
Mountain-mint,  hairy.     See  Koellia  pilosa. 
Mountain-mint,  thin-leaved.     See  Koellia  monlana. 
Mountain-sumac.     See  Sorhus  americana. 
Mountain-tea.     See  Qaidtheriu  procumhens. 
Mouse-ear.     See  Gnaphalium  uUginottum. 
Mouthr(x)t.     See  Oyptis  trifolia. 
Mugwort,  common.     See  Arteiuisui  rulgarist. 
Mullein.     See  Verbascum  tJuipffus. 
Musquash-root.     See  Cicala  macidaia. 
Mustard,  black.     See  Braaitica  nigra. 
Mustard,  brown.     See  Branitira  nigra. 
Mustard,  re<l.     See  Brassica  nigra. 
Mustard,  white.     See  Sinapis  alba. 
Mustard,  yellow.     See  Sinapis  allm. 
Myrica  asplenifolia  L.     Same  as  Comptonia  peregrinn. 

Myrica  cerifera  L.  Bayberry  family  (Myricaceae). 

Bay})erry;  wax-myrtle;  candleberry;  wax  berry. 

(Irows  in  sandy  swanips  or  wet  woods  from  Florida  and  Texas  northward  to 
Maryland.  In  the  South  it  is  a  small  evergreen  tree,  becoming  in  its  north- 
ward range  a  tall,  semi-deciduous  shrub,  or  a  dwarfed  and  deciduous  shrub. 

Parts  used. — Bark  of  root,  leaves,  and  berries  (nonofficial). 

Myrica  g'ale  L.  Bayberry  family  (Myricaceae). 

Sweet  gale;  Dutch  myrtle;  bog-myrtle;  golden  osier. 

Indigenous  shrub,  growing  in  swamps  and  along  streams  from  Canada  and 
Alaska  to  Virginia  and  Washington. 

ParU  used. — Leaves  and  buds  (nonofficial). 
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Myrtle,  )K)g-.     Bee  Myrira  gafe. 
Myrtle,  Dutch.     See  Myrlca  gab'. 
Myrtle,  wax-.     See  Myrica  ceri/era. 

Nabalus  albus  (L.)  Hook.  Chicory  family  (Cichoriaceae). 

Synonym. — Prennnthru  alhn  L. 

Lion^F-f(x>t;  rattlesnake-root;  white  lettuce;  white  canker- weed. 

Native,  ])erennial  herb,  2  lo  4  feet  high,  common  in  rich,  moist  woods  from 
Canada  to  (ieorgia  and  Kentucky. 

Pari  usetl. — IMant  (nonofficial). 

Ifabalus  serpentarius  (Pursh)  Hook.  Chicory  family  (Cichoriaceae). 

Synonifm. — Prmanthen  serpeniaria  Pursh. 

Lion's-foot;  canker-weed;  white  lettuce;  rattlesnake-root;  snake-gentian. 

Native,  perennial  herb,  about  2  feet  high,  growing  in  dry,  sandy  soil  in  fields 
and  thickets  from  Ontario  to  Florida  and  Alabama. 

Part  used. — Plant  ( nonofficial ) . 
Nannybush.     See  Vib^imum  lentago. 
Necklace- weed.     See  Actaea  alba  and  Chiotrmodiuin  mrgiiiianum. 

Nepeta  cataria  L.  Mint  family  (Menthaceae) . 

Catnip;  catmint. 

Common,  perennial  weed,  2  to  3  feet  high,  naturalized  from  Europe;  found  in 
waste  places  and  cultivate(i  land  from  Canada  to  Minnesota,  south  to  Virginia 
and  Arkansas. 

Part  used, — Herb  (nonofficial). 
Nepeta  glechoma  Benth.     Same  as  Glecoma  hederacea. 
Netleaf-plantain.     See  Peramium  puhesceiis. 
Net  leaf- plan  tain,  smaller.     See  Peramium  repens. 
Nettle,  bull-.     See  Solatium  carolinnise. 
Nettle,  great.     See  Vrtica  dwica. 
Nettle,  horse-.     See  Solanum  carolinense. 
Nettle,  stinging.     See  Vrtica  dioica. 
Niggerhead.     See  Brauneria  angustifolia. 
Nightshade,  woody.     See  Solauum  dulcamara. 
Nuphnr  advena  R.  Br.     Same  as  Nyviphaea  advena. 
NuttalPs-milkwort.     See  Polygala  nuttallii. 

Nymphaea  advena  Soland.  Water-lily  family  (Nymphaeaceae). 

Synonym. — Nuphar  advena  R.  Br. 

Large  yellow  pond-lily;  cow-lily;  spatter-dock;  lx?averroot. 

An  aquatic  plant,  found  in  ponds  and  slow  streams  from  Canada  to  Florida,  and 
westward  to  the  Rocky  Mountains. 

Pari  used. — Rhizome  (nonofficial). 
Nymphaea  odorala  Dryand.     Same  as  Castalia  odorata. 

Nyssa  aquatica  L.  Dogwood  family  (Cornaceae). 

Synonym. — Nyssa  uniflora  Wang. 

Large  tupelo;  cotton-gum;  tupelo  gum. 

A  large,  native  tree,  occurring  in  swamps  from  southern  Virginia  to  Florida, 
west  to  Texas  and  Missouri. 

Part  used. — Root  wood  (nonofficial). 
Nyssa  capitaia  Walt.     Same  as  Nyssa  ogeche. 
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Nyssa  og'eche  ^larsh:  Dogrwood  family  (Comaceae). 

Synonym, — Xyssa  capitata  Walt. 

Sour  tiipelo;  Ogeechee  lime. 

A  small  tree,  growing  in  swamps  near  the  seacoast  from  southern  South  Caro- 
lina to  Florida. 

Part  used. — Root  wood  (nonofficial). 
Nyftifd  unifiora  Wang.     Same  sa  Xyiisa  aqua^ica. 

Oak,  champion-.     See  Querms  rubra. 

Oak,  Jerusalem.     See  Chenoj>odium  antheimintimm  and  (\  }totrys. 

Oak,  poison-.     See  llhuH  raxiicaiiA  and  A*,  tojicodeiulroh. 

Oak,  red.     See  Quernis  rubra. 

Oak,  Spanish.     See  Quercua  rubra. 

Oak,  stone-.     See  Quercus  alba. 

Oak,  white.     See  Quercus  allm. 

Oenothera  bienniB  L.  Evening'-primroBe  family  (Onagraceae). 

Synonym. — Onagra  biennis  (L. )  Scop. 

Evening-primrose;  tree-primrose;  night  willow-herb. 

Annual  or  biennial  plant,  2  to  5  feet  higli,  common  in  fields  and  waste  places 
from  I^brador  to  Florida,  west  t/>  the  Rocky  Mountains.    Native. 

Part  used. — Plant  (nonofficial). 

Old-man' 8-beard.     See  ChionantMis  nrginica. 

Olive,  spurge-.     See  Daphne  mezerexim. 

Onagra  biennis  (L. )  Scop.     Same  as  Oenothera  biennis. 

Onosmodium  virgrinianum  (L. )  DC.  Borage  family  (Borag^aceae). 

Synonym. — Lithospermum  virginianum  \j. 

Virginia  false  gromwell;  gravel-weed;  neck  lace- weed;  pearl-])lant;  wild  Job's- 
tears. 

Rough-hairy,  native,  perennial  herb,  1  to  2  feet  high;  in  dry,  hilly  grounds 
from  the  New  England  States  to  Florida,  Kansas,  and  Texas.* 

Parts  used. — Root  and  seeds  (nonofficial). 
Opium,  wild.     See  Lactuca  canadensis. 
Orangeroot.     See  Hydrastis  canadensis. 
Orobanche  rirginiana  L.     Same  as  Tjeptamnium  virginianmn. 
Osier,  golden.     See  Myrica  gale. 
Osier,  green.     See  (bmus  nrcinata. 
Osier,  red.     See  Cornus  amomum. 
Osmorrkiza  longistylis  DC.     Same  as  Washingtonia  hmgistylis. 

Osmunda  regalia  L.  Boyal  fern  family  (Osmundaceae) . 

Royal  fern;  buckhom-brake. 

A  tall,  native  fern,  with  fronds  3  to  4  feet  high,  occurring  in  swamps  and  marshes 
from  Canada  to  Florida  and  Mississippi. 

Part  used. — Rhizome  (nonofficial). 

Ostrya  virginiana  (Mill.)  AVilld.  Birch  family  (Betulaceae). 

Hop-hornbeam;  ironwood;  deerwood;  leverwood. 

Native  tree,  25  to  30  feet  in  height,  growing  in  rich  woods,  Canada  and  easterv 
United  States. 

Part  used.  — Bark  ( nonofficial ) . 
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Ozalis  acetosella  L.  Wood-sorrel  family  (Oxalidaceae). 

White  wood-sorrel;  snamrock;  80ur  trefoil. 

Small,  native,  perennial  herb,  found  in  cold,  da^p  woods,  Canada  south  to 
Michigan  and  North  Carolina. 

Part  used. — Herb  (nonofficial). 

Oxeye  daisy.     See  Chryttanthemum  leucanthemum. 

Oxydendmm.  arboreum  (L. )  DC.  Heath  family  (Ericaceae). 

Syrumtfm. — Andromeda  arborea  L. 

Sourwood;  sorrel -tree;  elk-tree. 

Native  tree,  sometimes  40  to  50  feet  in  lieight,  growing  in  rich  woods  from  Ohio 
to  Maryland,  south  to  Alabama  and  Florida. 

Parts  used. — Leaves  and  bark  (nonofficial) 

Palmetto,  saw-.     See  Serenoa  serralata. 

Panax  quinquefolium  L.  Ginseng'  family  (Araliaceae). 

Ginseng. 

Native,  perennial  herb,  about  1  foot  in  height,  found  in  rich,  shady  woods 
from  the  Middle  and  Northern  States  south  to  Alabama  and  Ueorgia. 

Part  used. — Root  (nonoflScial). 
Pansy.     See  Viola  tricolor. 
Pa{XM>8e-root.     See  (hulophyllum  thalictroides. 
Paradise-plant.     See  Daphne  mezcrenm. 
Parilla,  yellow.     See  Menispermum  ranadense. 
Parsley,  spotted.     See  Coniurn  maadaium. 
I'arsley-fem.     See  Tanaretiun  vnlgare. 
Parsnip,  cow-.     See  Ileracleum  lanatnm. 

Farthenocissus  qidnquefolia  (L.)  Planch.  Grape  family  (Vitaceae). 

Synonijm. — Ampelopm  qidnquefolia  Michx. 

American  ivy;  Virginia  creeper. 

A  common,  woody  vine,  native  in  woods  and  thicketa  froui  Canada  to  Florida 
and  Texas. 

Parts  used. — Bark  and  young  twigs  (nonofticial ) . 
Partridgeberry.     See  Witchella  repens. 
Pas<iueflower,  American.     See  Pulsalilla  hinmtissima. 

Passiflora  incamata  L.  Passion-flower  family  (Passifloraceae). 

Passion-flower;  passion-Vine;  may-pops. 

Climbing,  perennial  plant,  native  in  dry  soil  from  Virginia  to  Florida,  westward 
to  Missouri  and  ArJkansas. 

Parts  used. — Root  and  stem  base  (nonofficial). 
Pa«»ion-flower.     See  Passiflora  inraninta. 
Ration- vine.     See  Passiflora  innirnata. 
Paul's-betony.     See  Veroiiira  officinaliif. 
Pawpaw,  North  American.     See  Asimina  trilofxi. 
Pea,  ground-8<iuirrel.     See  Jeifersonia  diphylla. 
Pea,  hoary.     See  Oracca  rirginiana. 
Pea,  turkey-.     See  Bikukulla  canadensis. 
Pearl-plant.     See  Onosmodimn  viryinianum. 
I*encil -flower.     See  Stylomnfheii  biflora. 
Pennyroyal,  American.     See  Iledeonia  pu/eyioides. 
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Penthonun  sedoides  L.  Vir^nia  stonecrop  family  (Penthoraceae). 

Virginia  stonecrop;  ditch-stonecrop. 

Native,  perennial  herb,  about  1  foot  in  height,  growing  in  ditches  and  swamps 
from  New  Brunswick  to  Minnesota,  south  to  Florida  and  Texas. 

Part  used. — Herb  (nonofficial.) 

Pepper,  water-.     See  Polygonum  hydropiper. 

Peppermint.     See  Mentha  piperU<i. 

Pepper-plant.     See  Polygonum  hydropiper. 

Peramium  pubescena  (Willd.)  MacM.  Orchid  family  (Orchidaceae). 

Synonym. — Goodyera  pubeseens  R.  Br. 

Downy  rattlesnake-plantain;  rattlesnake-weed;  netleaf -plantain;  stTofula-weed. 

Native,  perennial  herb,  8  to  12  inches  in  height,  occurring  in  rich  woods  from 
Newfoundland  to  Minnesota,  south  to  Florida  and  Tennessee.  Most  common 
southward. 

Part  used. — Plant  (nonoflficial). 

Peramium  repens  (L.)  Salisb.  Orchid  family  (Orchidaceae). 

Synonym. — Goody  era  repens  R.  Br. 

White  plantain;  lesser  rattlesnake-plantain;  smaller  netleaf-plantain;  stjuirrel- 
ear. 

A  smaller  plant  than  P.  pubescens^  but  very  similar  to  it  and  more  common 
northward. 

.  Part  used. — Plant  (nonoflScial). 
Persimmon.     See  I>wspyros  vlrglnlana. 

Phoradendron  flavescens  (Pui-sh)  Niitt.        Mistletoe  family  (Loranthax^eae). 

Synonipn. —  Visnnn  fiarescenH  Pursh . 

Mistletoe;  AniericAn  mistletoe. 

Parasitic  shrub,  found  on  deciduous-leaved  trees  from  New  Jersey  Xo  Missouri, 
south  to  Florida  and  Texas. 

Parts  used. — Leaves  and  branches  (nonofficial). 
Phytolacca.     See  Phytolacca  decandra. 
Phytolacca  amcricana  L.     Same  as  Phytolacca  decandra. 

Phytolacca  decandra  L.  a  Pokeweed  family  (Phytolaccaceae). 

Synonym. — Phytolacca  amencana  L.« 

Phytolacca;  j)oke;  pokeweed;  garget;  scoke;  inkberry. 

Native,  perennial  herb,  with  large  and  branching  stem,  6  to  10  feet  high;  in  rich, 
moist  soil,  Maine  to  Minnesota,  south  to  Florida  ami  Texas. 

Parts  used. — Root  collected  in  autumn  (official);  frmt  (official  in  U.  S.  P.  1890); 
leaves  (nonofficial). 

Picea  mariana  (Mill.)  B.  S.  P.  Pine  family  (Pinaceae). 

Synonym. — Abies  nigra  Desf. 

Black  spruce;  spruce-gum  tree. 

Indigenous,  evergreen  tree,  40  to  80  feet  in  height,  growing  on  elevated  situa- 
tions and  in  cold  bogs  from  Canada  south  along  the  mountains  to  North  Car- 
olina, and  to  Minnesota. 

Parts  used. — Branches,  and  the  essence  obtained  from  the  same  (nonofficial). 
Pilewort.     See  Krechtites  hieracifolia  and  Scrophularia  marUandica. 
Pilot  weed.     See  Silphinm  laciniutum. 
Pimpernel.     See  Pimpinella  i<axifraga. 
Pimpernel,  red.     See  Anagallis  arveimis. 
Pimj^Kjrnel,  scarlet.     See  AnagalliR  arrensi.i. 


a  Phytolarca  nm*'ric(UKi  L.  by  ri^ht  of  priority  should  l>e  accepted,  but  P.  decandra  L.  is  used  in  con- 
formity with  the  Pharmacopoeia. 
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Piznpinella  sazifraga  L.  Parsley  family  ( Apiaceae ) . 

Bumet-saxifrage;  bennet;  pimpernel. 

Erect,  perennial  herb,  1  to  2  feet  high,  adventive  from  Europe,  and  found  in 
waste  places  in  eastern  Pennsylvania,  at  several  localities  in  the  valley  of  the 
Delaware,  and  in  Ohio. 

Part  used. — Root  (nonofficial). 

Pine,  northern.     See  Pinns  strobtoi. 

Pine,  prairie-.     See  Lacinaria  spicata. 

Pine,  princess-.     See  ChimaphUa  wmhellala 

Pine,  Weymouth.     See  Pinus  gtrohns. 

Pine,  white.     See  Plmis  ntroUvs. 

Pink,  rose-.     See  Sabbatia  angularijt.  • 

Pinkroot.     See  Spigelia  marilandiea, 

Pinkroot,  Indian.     See  Spigelia  marilmidica. 

Pinkroot,  Maryland.     See  Spigelia  inarUandica. 

Pinus  strobuB  L.  Pine  family  (Pinaceae). 

White  pine;  northern  pine;  Weymouth  pine. 

Large,  indigenous  forest  tree,  sometimes  175  feet  in  height,  growing  in  woods 
from  Canada  south  to  Georgia  and  Iowa. 

Part  nmd. — Blrk  (nonofficial). 

Pipe- plant.     See  Monotropa  nr^iflora. 

Pipsissewa.     See  ChimaphUa  umbellata. 

Pittrher-plant.     ^e  Sarrarenia  pxirjmren, 

Plantago  major  L.  Plantain  family  (Planta^naceae). 

Common  plantain;  dooryard-plantain;  greater  plantain. 

Perennial  herb,  1  to  3  feet  high,  naturalized  from  iLuroix*;  common  in  fields  and 
waste  places  and  along  roadsides  nearly  throughout  North  America. 

PartA  used. — Root  and  leaves  (nonofficial). 
Plantain,  (common.     See  Plantago  major. 
Plantain,  dooryard-.     See  Phntago  major. 
Plantain,  downy  rattlesnake-.     See  Peramium  pubescens. 
Plantain,  greater.     See  Plantago  major. 
Plantain,  lesser  rattlesnake-.     See  Peramium  repens. 
Plantain,  netleaf-.     See  Peramium  puhesceuA, 
Plantain,  smaller  netleaf-.     See  Peramium  rqyem. 
Plantain,  white.     See  Peramium  repens. 
Pleurisy-root.     See  Asclepias  tuberom. 
Podophyllum.     See  Podophyllum  peltatum. 

Podophyllum  peltatum  L.  Barberry  family  (Berberidaceae). 

Podophyllum;  May-apple;  wild  mandrake;  American  mandrake;  wil<l  lemon. 

Native,  perennial  herl),  1  to  1 J  feet  high,  found  in  low,  rich  woods  from  Canada 
to  Minnesota,  south  to  P'lorida  and  Texas. 

Part  used.  — Rhizome  ( official ) . 
Poison-hemlock.     See  Conium  macidaium, 
Poiw3n-ivy.     See  Rhus  radicans  and  R.  to:ncodendron. 
Poiwm-oak.     See  Rhus  radicans  and  R.  toxicodendron. 
Poison-vine.     See  Rhis  radicans. 
Poke.     See  Phytolacca  decandra. 
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Pokeweed.     See  Phytolacca  d^candra. 
Polar-plant.     See  Silphium  laciniatum. 
Polecat- weed.     See  Spathyema  foetida. 

Polemomuin  reptans  L.  Phlox  family  (Polexnoniaceae). 

American  Greek  valerian;  abscess-root;  sweetroot;  Jacob* s-ladder. 

Native,  perennial  herb,  12  to  20  inches  high,  growing  in  woods  and  damp  ground 
from  New  York  to  Minnesota,  south  to  Georgia  and  Missouri. 

Part  used. — Root  (nonoffidal). 

Polyg'ala  nuttallii  T.  &  G.  Milkwort  family  (Poly^alaceae). 

Nuttall's-milkwort;  ground-centaury. 

Slender,  erect,  annual  herb,  6  to  12  inches  high,  native  in  dry,  sandy  soil  from 
Massachusetts  to  North  Carolina,  west  to  Alabama  and  Missouri. 

Part  used. — Herb  (nonofficial). 

Poly  gala  senega  L.  Milkwort  family  (Polygalaceae). 

Senega;  Seneca  snakeroot. 

Native,  perennial  herb,  8  to  12  inches  high,  found  in  rocky  woods  and  on  hillsides 
from  New  Brunswick  and  western  New  England  to  Minnesota,  south  to  North 
Carolina  and  Missouri. 

Part  used. — Root  (official). 

Polygonatum  biflorum  ( Walt. )  Ell.  Lily-of-the- valley  family 

( Convallariaceae ) . 

Synonyms. — ConiKdlaria  hiflora  Walt.;  Salomonia  biflora  (Walt.)  Britton. 

Hairy  Solomon' s-seal;  smaller  Solomon's-seal. 

Native,  perennial  herb,  8  inches  to  3  feet  high,  found  in  woods  and  thickets 
from  Canada  south  to  Florida  and  Michigan. 

Part  used. — Rhizome  (nonofficial). 

Polygonatum  commutatum  ( Roem.  &  Schult. )  Dietr.   Lily-of-the-valley  family 

( Convallariaceae ) . 

Synonyms. — Polygonatum    giganieum    Dietr.;    Salomonia    commutaia  (Roem.    & 
'  Schult. )  Britton. 

Giant  Solomon's-seal;  great  Solomon's-seal;  smooth  Solomon's-seal. 

Native,  perennial  herb,  1  to  8  feet  high,  occurring  in  moist  woods  and  along 
streams  from  Canada  to  Georgia,  west  to  Louisiana  and  Utah. 

Part  used. — Rhizome  (nonofficial). 
Polygonatum gigant^um  Dietr.     Same  as  Polygonatum  commutatum. 

Polygonum  hydropiper  L.  Buckwheat  family  (Polygonaceae). 

Smartweed;  water-pepper;  biting  knotweed;  pepper-plant. 

Smooth,  annual  plant,  8  inches  to  2  feet  high,  naturalized  from  Europe;  common 
in  moist  waste  places  almost  throughout  North  America. 

Part  used.  — Herb  ( nonofficial ) . 

Polygonum  punctatum  Ell.  Buckwheat  family  (Polygonaceae). 

Dotted  smartweed;  wator-smartweed. 

Native,  annual  or  perennial  herb,  found  in  swamps  and  other  wet  places  through- 
out most  of  North  America. 

Part  used. — Herb  (nonofficial). 

Polymnia  uvedalia  L.  Aster  family  (Asteraceae). 

Yellow  bear's-foot;  yellow  leaf  cup;  uvedalia. 

Large,  native,  perennial  plant,  3  to  6  feet  high;  in  ravines  and  edges  of  woods 
from  New  York  to  Michigan,  south  to  Florida  and  Texas. 

Part  used. — Root  (nonofficial). 
Polypodium  JiliX'jnas  L.     Same  as  Dryopteris  filiv-mas. 
Polypodium  marginale  L.     Same  a«  Dnjopt^ris  mnrginalis. 
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Poljrpodium  vulg'are  L.  Fern  family  (Polypodiaceae). 

Common  polyjKxly;  fernroot;  rock-brake;  feruale-fem. 

Native  fern,  3  to  10  inchea  in  height,  with  a  perennial,  creeping  rhizome;  on 
shady,  rocky  bank^i,  in  woods  and  mountains  almost  throughout  North 
America. 

Parts  used. — Rhizome  and  tope  (nonofficial). 

Polypody,  common.     See  Polypodium  nilgare. 

Polytrichum  j imiperinum  lied  w .         Haircap-moss  family  ( Polytrichaceae ) . 

Uaircap-mosB;  robin' s-rye. 

Native  moss,  4  to  7  inches  in  height,  growing  along  margins  of  dry  woods  and 
exposed  places,  mostly  on  poor,  sandy  soil. 

Fart  used. — Whole  plant  (nonofficial). 

Pond-lily,  large  yellow.     See  Nymphaea  advena. 

Pond-lily,  white.     See  Vastalia  odorata. 

Poolroot     See  Eupatorium  ageratoides^  K.  aromaiicum^  and  Sanicula  niarilandica. 

Pool  wort.     See  Eupatorium  ageratoidtn  and'ii".  aromaticum. 

Poplar,  silver.     See  Populus  alba. 

Poplar,  silverleaf-.     See  Populus  alba. 

Poplar,  trembling.     See  Populus  tmnuhides. 

Poplar,  tulip-.     See  Liriodendrou  tuUpifera. 

Poplar,  white.     See  Populus  alba  and  P.  tremuloides. 

Poplar,  yellow.     See  Liriodejulron  tulipifera. 

Populus  alba  L.  Willow  family  (Salicaceae). 

White  poplar;  silverleaf-poplar;  silver  poplar;  white-bark. 

A  large  tree,  sometimes  120  feet  in  height,  naturalized  in  the  United  States; 
occurs  along  roadsides  from  New  Brunswick  to  Virginia. 

Part  used. — Bark,  collected  in  spring  (nonofficial).  ^ 

Populus  balsamifera  candicaris  A.  Gray.     Same  as  Populus  vandicam. 

Populus  candicans  Ait.  Willow  family  (Salicaceae). 

Synonym. — Po^mlus  balsamifera  candicans  A.  (iray. 

Balm-of-Gilead. 

A  large  tree,  about  80  feet  in  height,  mostly  ef<cape<l  from  cultivation,  New 
Brunswick  to  New  Jersey,  west  to  Minnesota. 

Parts  used. — I^afbuds  and  bark  (nonofficial) . 

Populus  tremuloides  Michx.  Willow  family  (Salicaceae). 

Quaking  aspen ;  American  aspen;  white  poplar;  trembling  poplar;  (|uiverleaf. 

A  slender,  indigenous  tree,  growing  in  dry  or  moist  soil  from  lower  Canada  south 
to  Kentucky  and  in  the  Rocky  Mountains  to  Lower  California. 

Part  used. — Bark,  collected  in  spring  (nonofficial). 

Porter anthus  trifoliatus  (L.)  Britton.  Rose  family  (Rosaceae). 

Synonym. — GiUenia  trifoliat/i  Moench. 

Indian-physic;  Bowman' s-root;  false  ipecac;  we.«tern  drop  wort. 

Native,  perennial  herb,  2  to  3  feet  high,  found  in  moist,  shady  places  in  rich 
woods  from  New  York  to  Michigan,  south  to  (ieorgia  and  Alissouri;  more 
common  in  the  Atlantic  States  than  in  the  Western  States. 

Part  used. — Root  (nonofficial). 
Potato,  hog-.     See  Ipomoea  jnindurata. 
Potato,  wild.     See  Ipomoea  pandurata. 

Potentilla  canadensis  L.  Rose  family  (Rosaceae). 

Fivefinger;  cimjuefoil. 

A  small,  annual  or  biennial  plant,  with  crt»eping  stems,  growing  in  dry  soil  from 
Quebec  to  (Georgia,  west  to  ^linnesota  and  the  Indian  Territory. 

Part  used. — Plant  (nonofficial). 


56  WILD   MEDICINAL    PLANTS    OF   THE    UNITED    STATES. 

Prairie-pine.     See  Ixieinaria  sjneata. 

Premtiithes  aUni  L.     Same  as  Nabdlim  aUma. 

Prenanthes  serpentaria  Pureh.     Same  as  Nabalus  serpentarius. 

Prickly  ash,  northern.     See  Xanthoxylum  americanum.  • 

Prickly  ash,  southern.     See  Fagara  clava-herculis. 

Prideweed.     See  Erigeron  canaderms. 

Prim.     See  Ligvstrum  tnUgare. 

Primrose,  evening-.     See  Oenothera  hiennis. 

Primrose,  tree-.     See  Oenothera  biennis, 

Primwort.     See  Ligustrum  rulgare. 

Prince' 8-pine.     See  Chimaphila  umheUata. 

Prinos  rerticUUitus  L.     Same  as  Ilex  verticillata. 

Privet.     See  Ligust'nim  inilgare. 

Prunella  vulg'aris  L.  Mint  family  (Menthaceae). 

Self-heal;  heal-all;  brownwort;  sicklewort;  blue-curls. 

Perennial  plant,  2  inches  to  2  feet  high,  naturalized  from  Europe,  and  found 
in  fields,  woods,  and  waste  places  throughout  nearly  the  whole  of  North 
Aiperica. 

Part  used. — Herb  (nonofficial). 

PrunuB  serotina  £hrh.  Plum  family  (Amygdalaceae). 

Synoiiym. — Prunua  nrginiana  Mill.,  not  of  Linnaeus. 

Pninus  virginiana;  wild  cherry;  rum-cherry. 

A  large,  indigenous  tree,  50  to  80  feet  high,  crowing  in  woods  or  ojien  places  from 
Ontario  to  Florida,  west  to  Texas  and  Dakota.  Most  abundant  in  the  South- 
western States. 

Part  used. — Bark,  w^hich  should  be  collected  in  autunm  and  carefully  dried  and 
preserved  (official). 

Prunus  virginiana.     See  Prunus  serotina. 

Prunus  nrginiana  Mill.,  not  L.     Same  as  Prunus  serotina. 

Psoralea.     See  Psoralea  peduru^ulata. 

Psoralea  melUotoides  Michx.     Same  as  PsoraJea  pedunculata. 

Psoralea  pedunculata  (Mill.)  Vail.  Pea  family  (Fabaceae). 

Synonym. — Psoralea  melilotoldes  Michx. 

Psoralea;  Samson' s-snakeroot;  Congo-root. 

Slender,  herbaceous  perennial,  1  to  2\  feet  high,  native  in  dry  soil  in  ojien  woods 
from  Ohio  and  Kentucky  southwanl. 

Parts  used. — Root  and  leaves  (nonofficial ). 

Ptelea  trifoliata  L.  Bue  family  (Butaceae). 

Wafer-ash;  wingseed;  hop-tree;  shrubby  trefoil. 

Native  shrub,  6  to  8  feet  high;  in  shady  woods  from  New  York  to  Florida,  west 
to  Minnesota  and  Texas;  grows  more  abundantly  west  of  the  AUeghenies. 

Parts  used. — Bark  of  root,  fruit,  and  leaves  (nonofficial). 

Pterocaulon  undulatum  (Walt.)  Mohr.  Aster  family  (Asteraceae). 

Synonym. — (inaphalmm  undulatum  Walt. 

Indian  blackroot. 

Native,  perennial  herb,  p-owing  in  sandy  pine  lands  from  North  Carolina  to 
Florida  and  Mississippi. 

Part  used. — Root  (nonofficial). 
Puccoon,  red.     See  Sanguimirki  canadensis. 
Puccoon,  yellow.     See  Hydrastis  canadensis. 
Pulsatilla,  American.     See  Ihdsatdla  hirstUissiyna. 
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Pulsatilla  hirsutissima  ( Purnh )  Bri tton.       Crowfoot  family  ( Banunculaceae ) . 

Si/7umijm, — Arwmone  pateim  var.  ntUiallinna  A.  (iray. 

American  paaciueflower;  American  pnlsatilla. 

Native,  perennial  herb,  6  to  16  inchen  high,  found  in  the  prairie  regions  of  Illi- 
nois, west  to  the  Rocky  Mountains  and  the  Northwest. 

Part  used. — Flowering  herb  (nonofficial). 
Purging-root.     Sc^  Euphorbia  coroUata. 
Purslane,  bla<.'k.     See  Eaphorhin  nutantt. 
Purslane,  milk-.     See  Euphorbia  niUaiis. 
Pussy-willow.     S(»e  Salix  n\(jra. 
Putty- root.     See  Aplectrum  Hpicatnni. 

Pynianthemum  mordanum  Michx.     Same  as  Koellia  moniatia. 
Pycnantliemum  pilosum  Nutt.     Same  as  Koellia  pilttHn, 
Pvramid-flower.     See  Prasera  raroliuetisis. 

Pf/rethrum  parifienium  Smith.     Same  as  Chryaanthemum  partheniuni, 
Pynu  americana  DC.     Same  an  Sarhim  americnna. 

Qurn^k -grass.     See  Agropyron  repeug, 
(lueen-Anne's-lace.     See  iJanrus  carofa. 
Queen-of-t he-meadow.     See  Eujmtorium  pnrpurenm. 
Queen' s-delight.     See  Stillingia  sylmfira. 
Queensland  asthma- weed.     See  Euphorbia  pilulifera. 
Queen' s-root.     See  Stillingia  Bijlraiicn. 
Quercus.    See  Quercua  albfi. 

Quercufl  alba  L.  Beech  family  (Fagraceae). 

Quercus;  white  oak;  Ptone-oak. 

Large,  indigenous  forest  tree,  50  to  100  feet  in  height,  in  woods  from  Maine  to 
Minnesota,  south  to  Florida  and  Texas.     More  abundant  in  the  Middle  States. 

Part  used.  —Bark,  "collected  from  trunks  or  branches  10  to  25  years  of  age,  and 
deprived  of  the  periderm"  (official). 

Quercus  rubra  L.  Beech  family  (Fagaceae). 

Red  oak;  champion-oak;  Spanish  oak. 

Large,  wide-spreading,  indigenous  forest  tree,  about  70  feet  in  height,  from  Nova 
Scotia  to  Minnesota,  south  to  Florida  and  Texas.  More  common  in  the 
Northern  States  and  in  Canada. 

Partxuted. — Bark  (nonofficial). 
Quinine-flower.     See  Sabbatia  elliottii. 
(2uinine-herb.     See  Sabbada  elliottii. 
(Quinine-plant.     See  Sabbatia  eUiottii. 
Quiverleaf.     See  Popiilns  tmnuloidrs. 

Ragged-cup.     See  Silj)hiHm  pirfoliatmn. 
Ragweed.     See  Ambrosia  arteiimiaefolia. 
liagwort,  golden.     See  Senecio  aureus. 
liaspberry,  black.     See  Pubus  occidentalis. 
Raspljerry,  groun<l-.     See  Hydrastis  vauadenMs. 
Raspberry,  wild  red.     See  Rubus  strigomis. 
Rattle-root.     See  Cimicifuga  racernosa. 
Rattlesnake-herb.     See  Actaea  alba  and  A.  rubra. 
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Rattlesnake-master,     See  Eryngium  iiuccifolium^  iMcinarla  Hc(friom,  L.  sjfkata,  and 
L.  sfjuarrosa. 

Rattlesnake-plantain,  downy.     Hee  Peramiiun  pubesceivf. 

Rattlesnake-plantain,  lesser.     See  Pinrnmium  repeiis. 

Rattlesnake-root.     See  NobcUus  albus  and  iV.  serperitorius. 

Rattlesnake- violet.     See  Erythron'mm  americanum. 

Rattlesnake- weed.     See  Erynglum  yxicnfolium,  H'uracium    mufitiim,  and  FWamium 
pubesci'us. 

Redbud.     See  Cercis  canadam^. 

Redroot.     See  Ceanothus  amerlcanus, 

Rhamnus  cathartica  L.  Buckthom  family  (Rhamnaceae). 

Buckthorn;  hart's-thorn;  way  thorn. 

A  shrub  6  to  15  feet  high,  introduced  from  Euroi)e;  escai>ed  from  hedges  and 
growing  in  dry  soil  in  the  New  England  and  Middle  States. 

Part  used. — Berries  (nonofticial). 
Rhamnus  purshiana.     See  Rhanmun  purshiaua  DC. 

Rhamnus  purshiana  DC.  Buckthorn  family  (Rhamnaceae). 

Rhamnus purnhiana;  cascara  sagrada;  chittem-])ark;  sacred-bark;  bearl>erry-tree. 

Small,  indigenous  tree,  15  to  20  feet  in  height,  found  on  the  sides  and  lK>ttoins 
of  canyons,  Rocky  Mountains  west  to  the  Pacific  Ocean,  and  extending  north 
into  British  America. 

Part  uited. — Bark,  collected  at  least  one  year  ])ef()re  l)eing  used  (official). 
Rheumatism-root.     See  Dioncorea  villom  and  Jeffersonia  diphylki. 
Rheumatism-weed.     See  Chlmaphila  umbellaia. 

Rhododendron  maximum  L.  Heath  family  (Ericaceae). 

Great  laurel;  rose-bay;  deer-laurel;  rose-laurel. 

Tall,  native,  evergreen  shrub  or  small  tree,  found  in  low  woods  and  along  streaujs 
from  Canada  to  Georgia. 

Pa  rt  used.  — Leaves  ( nonofficial ) . 

Rhus  aromatica  Ait.  Siunac  family  (Anacardiaceae). 

Fragrant  sumac;  sweet-sc'ented  sumac. 

Indigenous  shrub,  2  to  6  feet  high,  growing  in  wowls  and  rocky  situations, 
C-anada  to  Florida,  eH|)ecially  along  the  mountains,  west  to  Minnesota  and 
Arkansas. 

Part  ased. — Bark  of  root  (nimofiicial). 
Rhus  glabra.     See  Wins  glabra  L. 

Rhus  glabra  L.  Sumac  family  (Anacardiaceae). 

Rhus  glabra;  smooth  sumac;  scarlet  sumac. 

Indigenous,  branching  shrub,  from  4  to  12  feet  high;  in  dry  soil,  thickets,  an<l 
waste  grounds  nearly  throughout  the  Unit^^l  States  and  Canada. 

Paris  used. — Fruit  (oflicial) ;  bark  and  lejives  (nonofficial). 

Rhus  radicans  I^.  ^'  Sumac  family  (Anacardiaceae) . 

Rhus  toxicodendron  ( pharmacop<pial  name,  1890);  ppison-ivy;  |K)ison-oak; 
poison-vine. 

Native,  woody  vine,  clinging  to  trees  and  fence  rows;  Canada  to  Florida,  west 
to  Xebnu'^ka  and  Arkansas.     Very  j)oisonous  to  the  touch. 

Part  ust'd.—Frvsh  leaves  (official  in  U.  S.  P.  1890). 
Rhus  toxicodendron.     See  Phus  radicans. 


a  Rhus  rwtirans  L.  wa»j  formerly  bcli^'vert  to  bo  a  varii'ty  of  lihus  toxirotirmlron  L.,  but  the  two  are 
now  rt'gnrclfd  as  distiuri  spfcics,  and  tlu'  h^avos  from  botli  have  been  used  under  the  pharmacoiKpial 
name  {V.  S.  I*.  189())  Rhus  toxicodendron. 
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Hlius  toxicodendron  L.  Sumac  family  (Anacardiaceae). 

Poison-i V V ;  jx )is< )n-oak. 

Low,  ereit,  and  finely  pul>escent  plant,  more  phnibby  than  Rhn.9  rndirans,  and 
found  in  dry  soil  in  more  Houthern  localities  from  Virginia  to  (ieorgia.  Very 
jK)iw)n()us  to  the  touch. 

Part  n^ed. — Fresh  leaves,  collected  with  those  of  Rhus  radirana. 
Richweetl.    See  CoUirwonia  canadensis  and  EupatoruLin  ageratokh's. 

Kobinia  pseudacacia  L.  Pea  family  (Fabaceae) . 

I>ocust-tree;  black  locust;  yellow  locust;  false  acAcia. 

A  lart^e,  indigenous  tree,  sometimes  80  feet  in  height,  growing  in  woods  from 
Pennsj^lvania  south  along  the  western  slope  of  the  Allegheny  Mountains  to 
Geoiyia,  west  to  the  Indian  Territory.  Most  abundant  in  the  Middle  and 
Eastern  States. 

Part  uned. — Bark  of  root  (nonofficial). 

Rt)l)in's-rye.    iSee  Poiytrichmn  juniper htuyn. 

Kock-brake.    See  Polj/podiuvi  rulgare. 

Kork-rose,  Canadian.    See  Helianiheutnm  canadensc. 

Kope-bark.    See  Dirca  palnstris. 

Kost*,  Cana<lian  rock-.    See  Jlelianthemum  rdnadeiise. 

Kose-bay.    See  Rlwdodendron  maxiniintf. 

Rose-laurel.    See  Rhododendron  maximum. 

KDsemary,  marsh-.    See  Limonium  rnrolinianum, 

Rose-pink.    See  Sahlxitia  angularii^. 

Rose-willow.    See  (hrnus  amomum. 

Rosinwee<l.    See  Silphium  lacini/iiuw. 

Roundwood.    See  Sorhus  aniericana. 

Riibiis.     See  Rubus  cuneifoliuSy  R.  nigrobacniHy  R.  prorumhens^  R.  trivialis^  and  R, 
rillofnis. 

Ruhas  canadensis  T.  &  G.,  not  L.    Same  as  Rnhas  proeumhens. 

Rvbus  cuneifolius  Pursh.  Rose  family  (Kosaceae). 

Rubus;  sand-blackberry;  knee-high  blackberry. 

Shrubby  plant,  1  to  3  feet  high;  in  sandy  soil  from  Connecticut  to  Florida, 
west  to  Missouri  and  Jx)uisiana. 

Part  used, — Bark  of  rhizome  (official). 
Rnhvs  idavus  var.  americamus  Torr.     Same  as  Ruhus  orridentaiis. 

Rubus  nigrobaccus  Bailey.  Rose  family  (Rosaceae). 

Synonym. — Rufms  rillofnis  A.  Gray,  not  Ait. 

Rubus;  high-bush  blackberry. 

Slender  shrub,  3  to  7  feet  high,  growing  in  dry  fields  and  along  roarlsides,  New 
England  States  to  Florida,  ana  west  to  Arkansas. 

Part  -used. — Bark  of  rhizome  (official). 

Rubus  occidentalis  Lr.  Rose  family  (Rosaceae) . 

Synonym. — Rubus  idaeus  var.  americanus  Torr. 

Black  raspberry;  thimbleberry;  blackcap. 

A  straggling  shnib,  growing  along  the  borders  of  woods  and  in  rocky  thickets 
from  Canada  south  to  Georgia  and  Missouri. 

Parts  used. — Fruit  and  leaves  (nonofficial) . 
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Rubus  prociunbens  Muhl.  Rose  family  (Bosaceae). 

Synmiym. — Rubiui  canadensis  T.  <fe  G.,  not  L. 

Rubus;  low  running  blackberry;  dewl>eiTy. 

Shrubby,  trailing  plant,  found  in  dry  soil  from  Newfoundland  to  Lake  Superior, 
south  to  Virginia  and  the  Indian  Territory. 

Part  t«/'d.— Bark  of  root  (official  in  U.  S.  P.  1890). 

Rubus  strigosus  Michx.  Rose  family  (Roscu^eae). 

Wild  red  raspl)erry. 

Shrubby  plant,  found  in  dry  or  rocky  situations  from  Oanaila  to  North  Carolina 
and  New  Mexico. 

Parts  used, — Fruit  and  leaves  (nonofhcial). 

Rubus  trivialis  Michx.  Rose  family  (Rosaceae). 

Rubus;  southern  dewberry;  low-bush  blackl)erry. 
Shrubby,  procumbent  plant,  found  in  sandy  soils,  Virginia  to  Florida,  west  to 

Missouri  and  Texas. 
Part  used.— B&rk  of  root  (official  in  U.  S.  P.  1890). 

Rubus  rillosus  A.  (-rray,  not  Ait.     Same  as  Pubus  nigrolHiccus. 

Rubus  villosus  Ait.  Rose  family  (Rosaceae). 

Rubus;  one-fiowerod  dewl)erry. 

Trailing  plant,  with  slender  branches,  growing  in  sandy  or  dry  .soil  near  the 
coast  from  Maine  to  South  Carolina. 

Part  used. — Bark  of  rhizome  (official) 

Rudbeckia  laciniata  L.  Aster  family  ( Asteraceae) . 

Thimble  weed;  tall  coneflower. 

Much- branched,  native  perennial,  3  to  12  feet  high;  in  moist  thickets,  Canada 
and  Montana,  south  to  Florida  and  New  Mexico. 

Part  used. — Herb  (nonofficial). 
Rum-cherrv.     See  I^unug  serotina. 
Rumex.     See  Ruinex  crispus. 

Rumex  acetosella  L.  Buckwheat  family  (Polygfonaceae) . 

Sheep-sorrel;  field-sorrel;  sour-grass;  common  sorrel. 

Animal  or  |)erennial  herb,  abundant  in  dry  fields,  pastures,  au<l  waste  ground 
throughout  the  United  States. 

Part  ui<ed. — Leaves  (nonofficial). 

Rumex  crispus  L.  Buckwheat  family  (Polygronaceae). 

Rumex;  yellow  dock;  curled  dock;  narrow  dock;  sour  dock. 

A  weed  intnnluced  from  Euro|)e,  and  common  in  cultivated  and  waste  ground 
throughout  the  United  States.     Perennial  plant,  2  to  4  feet  high. 

Part  nned. — Root  of  this  and  some  other  si>ecies  of  Rumex  (official  in  T^.  S.  P. 

18W). 

Rumex  obtusifolius  L.  Buckwheat  family  (Polygronaceae). 

Bitter  dock;  blunt-leaved  <lock;  broad -lea  veil  dock. 

A  i)erennial  weed,  2  to  4  feet  high,  naturalized  from  Europe,  and  found  in  waste 
places  from  New  England  to  Florida,  west  to  Texas  and  Oregon. 

Part  used. — Root,  collec^ted  with  that  of  Rumex  crispus. 

Sal^al.     See  Serenoa  nerrulata. 

Sabbatia  angrularis  (T^.)  Pursh.  Gentian  family  (Gentianaceae). 

Amt^rican  centaury;  rose-pink;  bitterbloom;  bitter  clover. 

Native,  biennial  plant,  1  to  2  feet  high,  growing  in  damp,  rich  soil,  in  meadows 
and  among  high  grass,  from  New  York  to  ^lichigan,  south  to  Florida  and 
the  Indian  Territorv. 

Part  used. — Herb  (nonofficial). 
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Sabbatia  elliottii  Steud.  Gentian  family  (Gentianaceae). 

Stftionym. — fiaJljhaiia  piiniculaia  Ell. 

Quinine-flower;  quinine-plant;  quinine-herl);  Klliott's-Habbatia. 

An  erect,  native  herb,  about  one  foot  in  height,  growing  in  pine  barrenn  from 
North  Carolina  to  Florida. 

Partxmed, — Herb  (nonofficial). 

SablMitia,  Elliott's-.     See  S^bhatid  fliioUii. 

SaJtftatia  pfmiciilata  Ell.     Same  aa  Sahftatm  elliottii, 

Sabina.     See  JnniptTHJ^  saHiia. 

Sacred-] )ark.     See  Rhamnvs  jmrshiana. 

Sage,  Indian.     See  Eupatorium  perfoliatnm. 

Saint-Benedict* s  thistle.     See  ('niau*  benedictiut. 

Saint- John's  wort,  common.     Si»e  Jfi/jtericum  perforatum. 

Salix  alba  L.  Willow  family  (Salicaceae). 

White  willow;  European  willow. 

A  large  tree,  sometimes  90  feet  in  height,  intrcHlucc^l  from  Europe;  occurs  in 
moist  soil  along  streams  from  Pennsylvania  northward  to  New  Brunswick 
and  Ontario,  sparingly  escaped  from  cultivation. 

Part  used.— Bark  (nonofficial). 

Salix  ni^a  Marsh.  Willow  family  (Salicaceae). 

Black  w^illow;  pussy-willow;  swamp-willow. 

Tall,  indigenous  tree,  growing  on  banks  of  rivers  from  Canada  to  Florida  and 
California. 

Pari*  used. — Bark,  and  fresh  aments  gathered  early  in  May  ( nonofftcial ) . 
Salomonia  hiflora  (Walt.)  Britton,     Same  Bi*  Pohfgonntum  bifJorum. 
Salomonia  commntata  (Roem.  &  Schult. )  Dietr.     Same  as  Polytjonatum  counmUatum: 
Salt-rheum  weed.     See  Chelone  glabra. 
Sambncus.     See  Samburuj*  ratiadeusi^. 

SambucuB  canadensis  L.  Honeysuckle  family  (Caprifoliaceae). 

Sambucus;  elder;  Anierican  elder;  sweet  elder. 

Indigenous  shnib,  G  to  10  feet  high,  growing  in  low,  damp  ground  from  Canada 
to  Florida  and  A  rizona. 

J*arUt  ttjted. — Flowers  (official  in  U.  S.  P.  1890);  bark  and  Ijerrics  (nonofficial). 

Sanii)i*on-root.     See  Brauneria  angwutifoUa. 

Sanip8<m*s-8nakeroot.     See  (ientiana  viibmi. 

Saiii8on*H-8nakeroot.     See  Psoralea  piduiinilata. 

Sand-blackberry.     See  RubuK  cuncifoliuH. 

Sand  brier.     See  Solatium  carolinrnne. 

Sangtiinaria.     See  Sangninaria  vaiiadenxiH. 

Sangruinaria  canadensis  T  >.  Poppy  family  ( Papaveraceae ) . 

Sanguinaria;  bloodroot;  re<l  puccoon;  Indian-paint;  tetterwort. 

Native,  perennial  herb,  about  ()  inches  high,  found  in  rich,  oj^en  woods  from 
Nova  Scotia  to  Nebraska,  south  to  Florida  and  Arkansas. 

Part  njted. — Rhizome,  "collected  after  the  death  of  the  foliage '*  (official). 
Sanicle,  American.     See  Heurhera  americana  and  Sanicula  nfariUnidica. 
Sanicle,  black.     See  Saninda  marilandira. 
Sanicle,  Indian.     See  Enpaiorinm  ageratoidftt. 
Sanicle,  white.     See  Eupitorium  ageratoides. 
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Sanicula  marilandica  L.  Parsley  family  (Apiaceae). 

Black  sanicle;  black  snakeroot;  American  sanicle;  pool  root. 
Native,  perennial  herb,  1  to  3  feet  high;  in  rich  woods,  Canada  to  (reoi^a. 
Part  tised. — Root  (non official). 

Saponaria  officinalis  Jj.  Pink  family  (Silenaceae). 

Soapwort;  8oapr(X)t;  bouncing-Bet;  fuller* e-herb. 

Stout,  i)erennial  herb,  1  to  2  feet  high,  naturalized  from  Euroi)e  and  found  along 
roadsides  and  waste  places;  common  almost  everywhere. 

Parte  uj<e(f. — Root  and  herb  (nonofficial).. 
Sdrothamnus  scoparhis  Wimm.     Same  as  0//w//t  scopariua. 

Sarracenia  flava  L.  Pitcher-plant  family  (Sarraceniaceae). 

Trumpetleaf;  trumpets;  Eve's-cup;  watercup;  yellow-flowered  watercap. 

Curious,  indigenous  i)erennial,  alH)ut  1  to  3  fei»t  high,  found  in  low,  wet  pine 
barrens  in  the  southeastern  United  States. 

ParU  ntwd. — Root  and  sometimes  the  leaves  (nonofficial). 

Sarracenia  purpurea  L.  Pitcher-plant  family  (Sarraceniaceae). 

Pitcher-plant;  flytrap;  sidesaddle-flower;  watercup;  small]>ox-plant. 

Indigenous  perennial,  1  to  2  feet  high,  growing  in  wet,  boggy  places  and  marshes, 
from  Canada  to  Minnesota  and  Florida. 

Parts  uj<ed. — Root  and  sometimes  the  leaves  (nonofficial). 
Sarsaparilla,  American.     See  AraUa  nudicavlis, 
Sarsaparilla,  bristly.     See  Aralia  hiftpida. 
Sarsaparilla,  false.     See  Aralia  jindicaxdis. 
Sarsaparilla,  Texas.     See  Mcriispermurn  camidaise. 
Sarsaparilla,  Virginian.     See  Aralia  midicavMs. 
Sarsaparilla,  wild.     See  Andia  midirmdix. 
Sassafras.     See  Sassafras  variifolium. 

Sassafras  (tfficinak  Nees  &  P^berm.     Same  as  Sa^afras  variifolium. 
Sassafras  sassafras  (L. )  Karst.     Same  as  Sassafras  variifolium. 
Sassafras,  swamp-.     See  Magnolia  Hrginiana. 

Sassafras  variifolium  (Salisb.)  O.  Kuntze.  <^  Laurel  family  (Lauraceae). 

Sifnonyms. — Sassafras  officinale  Nees  &  Ebenn.;  Sfissafras  sassafras  (L,)  Karst.  « 

Sassafras;  ague-tree. 

Native  tree,  sometimes  reaching  a  height  of  125  feet;  in  rich  woods,  Massachu- 
setts to  Ontario  and  Michigan,  south  to  Florida  anci  Texas. 

Parts  used. — Bark  of  root,  collected  in  early  spring  or  autumn  and  deprived  of 
the  periderm  (official);  pith  (official) ;  and  the  oil  of  sassafras  distilled  from 
the  root,  especially  the  root  bark  (official). 

Satureia  hortensis  L.  Mint  family  (Menthaceae). 

Summer-savory. 

Hairy,  aromatic,  annual  herb,  adventive  from  Euro])e  and  occurring  in  waste 
places  from  Canada  to  Pennsylvania  and  Nevada. 

Part  u.'tvd. — Herb  (nonofficial). 

Savin.     See  Juniper  us  sahina. 
Savin,  red.     ^ve  Junijxms  nrginiann. 
Savory,  summer-.     See  S<tturria  horien.9is. 
Saw-palmetto.     See  Serenoa  serruhita. 
Saxifrage,  burnet-.     See  Pimpinella  sawifraga. 


"Although  the  combination  S<itfif(\fra8  aasmfriu  (L.)  Karst.  should  be  accepted  by  strict  right  o( 
priority,  the  usage  of  the  Pharmacoptcla  Is  followed. 
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Scabious,  sweet.     See  Erigemn phiUidelphicus. 
Scabinh,  rnea<l(»w-.     See  Ader  pnulnniH, 
Scabwort.     See  Inula  hehminm. 
Scrarletberry.     See  Solan utn  dulcamarn. 
S<»oke.     See  Phi/tolncca  derandra. 
S<*opariuH.     See  CytisiiJi  scoparhiJt. 
S«*ourinjr-riisb,  cominon.     See  Enninetum  Jn/emaJe. 
Scrofula-plant.     See  Scrophularia  inar'dandU'a. 
S<Tofula-\vee(l.     See  Pframium  puhescenn. 

Scrophulcuria  znarilandica  L.  Fig^KTort  family  (Scrophulariaceae). 

Sijnonyiii. — Srrophiilaria  nodona  var.  viarilandica  A.  (iray. 

Maryland  tigwort;  scrofula-plant;  carpenter' .M-hMjuare;   heal-all;  bee-plant;  pile- 
wort. 

Smooth,  native  perennial,  3  to  5  feet  high;  nioint,  shaily  jfround  in  woods  and 
thicketi^,  New  York  to  North  Carolina  and  Kansas. 

]*art»  nxed. — Herb  and  r(M)t  (nonofiicial). 
SrrophidnrUi  nodona  var.  tnardaudira  A.  Gray.     Same  a«  Scrophularia  marilandica, 
Si'utel  laria.     See  Sndellana  lateriflora. 
Sf'-uteUiir'tn  hijiwoplfoUa  L.     Same  as  Snitellaria  ndegrijolia, 

Scutellaria  integrrifolia  L.  Mint  family  ( Menthaceae) . 

Stfitdtiyin. — ScidelldrUi  hj/twopifolia  L. 

I-arger  :-«kullcap;  hysHop-skullcap. 

Native,  i)erennial  herb,  H  inchen  to  2  feet  hij^h,  found  in  fields  and  woods  from 
Connecticut  Houth  to  Florida  and  Texa^. 

Part  used. — Herb  (nonofiicial). 

Scutellaria  lateriflora  L.  Mint  family  (Menthaceae). 

Scutellaria;  skullcap;  mad  weed;  hood  wort. 

Sm(H)th,  branching  perennial,  1  to  2  feet  high,  native  in  damp   places  along 
l>anks  of  streams  from  Canada  south  to  Florida,  New  Mexi(N),  and  Washington. 

J*art  med. — Plant  (official). 

Sea-lavender.     See  Limonium  candinUmnm. 

St»lf-beal.     See  l^runella  ruUjar'n^. 

Senecio  aureus  L.  Aster  family  (Asteraceae). 

Liferoot;  swamp  a<]uaw-weed;  golden  ragwort;  ccxiash-weed;  cough  weed. 

Indigenous,  j)erennial  herb,  1  to  2J  feet  high,  growing  in  swamps  and  wet  mead- 
ows, Newfoundlaml  to  Ontario,  south  to  Florida,  Missouri,  and  Texas. 

Partii  ru*ed. — Root  and  herb  (nonofiicial). 

Senega.     See  Pohjgnla  seneya. 

Senna,  American.     See  Cassia  marUandica. 

Senna,  wild.     See  Catmla  marilandica. 

Serenoa  serrulata  (Koem.  <&  Schult. )  Hook.  f.        Palm  family  (Phoenicaceae). 

Sabal;  saw-palmetto. 

A  palm,  8  to  7  feet  in  height,  found  in  sandy  soil  from  North  Carolina  and 
Arkansas  to  Florida  and  Texas. 

Part  fised. — Partially  dried  ripe  fruit  (official). 
SerjKintaria.     See  Aristolochia  reticulata  and  A.  serpentaria 
Serpentaria,  Texas.     See  Aristolochia  reticulata. 
Serpen taria,  Virginia.     See  Aristohehia  serpentaria. 
Service-tree,  American.     See  Sorhu.H  anterirana. 
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Seven-barks.     See  Hydrangea  arborescens, 

Shagbark.     See  Hicor'm  omta. 

Shamrock.     See  OxaHs  aceiosella. 

Shamrock,  water-.     See  Ment/antheft  trijoliaia. 

Shave-grass.     See  Equweinmhyeniafe. 

Sheei)lx^rry.     See  Vilmmnin  lentago. 

Sheep-laurel.     See  Kalmia  anguatifolia  an<i  K,  htifoUa. 

Sheep-sorrel.     See  Rumex  aceto^Ua. 

Shellbark-hickorv.     See  Hicoria  mHita. 

Shellflower.     See  Chelone  glabra. 

Shepherd' s-purse.     See  Bursa  bursa-pastorls. 

ShepherdVweatherglass.     See  AnagalUn  arrerufis. 

Shield-fern,  marginal-fruited.     See  Dryopterh  marginalia. 

Shrub,  sweet-scented.     See  Butneria  florida. 

Shrub  yellowroot.     See  Xanihorrhiza  apiifolia. 

Sickle  wort.     See  PrttneUa  imlgarim. 

Sidesaddle-flower.     See  Sarraeenia  purpurea. 

Silkwee<l.     See  Asekpias  sgriara. 

Silkwet^l,  rose-colored.^   See  uUclepias  incamata. 

Silkweed,  swamp-.     See  Anclepias  incamata. 

Silphium  laciniatum  L.  Aster  family  (Asteraceae). 

Rosin  weed;  compass-plant;  pilotweed;  polar-plant. 

(/oarse,  native  perennial,  3  to  12  feet  high,  growing  on  ])rairies  from  Ohio  to 
Alabama,  west  to  Texas  and  South  Dakota. 

Part  u»ed. — Herb  ( nonofficial ) . 

Silphium  perfoliatum  L.  Aster  family  (Asteraceae). 

Cup-plant;  Indian-cup;  ragged-cup. 

Stout,  perennial  herb,  4  to  8  feet  high,  native  in  moist  soil  and  low  ground  from 
Ontario  and  the  eastern  United  Staties  west  Uj  Louisiana  and  Nebraska. 

Part  uaed. — Root  ( nonoflicial ) . 
Silverleaf.     See  Impatiens  biflora.  Spiraea  tumentomy  and  StUlingia  sglvatica. 
Silverleaf-poplar.     See  Populun  alba. 
Simpler' s-joy.     See  Verbena  haMata.  ^ 

Sinapis  alba.     See  Siruipis  alba  L. 

Sinapis  alba  L.  Mustard  family  (Brassicaceae). 

SinapLs  alba;  white  mastard ;  yellow  mustard. 

Annual  herb,  about  2  feet  in  height,  naturalized  from  Europe,  aiid  foun<l  in 
fields  and  waste  places,  Imt  not  so  widely  distributed  as  the  black  mustard. 

Part  lined.  —Seed  (official ) . 
Sinapis  nigra.     See  Bramea  nigra. 
Sinap'iH  nigra  L.     Same  as  Brassicu  nigra. 
Skullcap.     See  Sc-uttilaria  lateriflora. 
Skullcaj),  hyssop-.     See  Scutellaria  integrifolia. 
Skullcaj),  larger.     See  Scutellaria  integrifolia. 
Skunk-cabbage.     See  Spathyema  foetidn. 
Skunk  weed.     See  Spathycma  foetida. 
Sloe.     See  Vihtirntim  prunifollum. 
Smallpox-plant.     See  Sarraeenia  paipurea. 
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iSinartweed.     See  Polygonum  hifdropiper, 

Smart  weed,  dotted.     See  Polygonum  puncUUum. 

Smartweed,  water-.     See  Polygonum  punctatum. 

SmiUirimi  nicemoM,  Desf.     Same  as  Vdgnera  racemosa. 

Smilax  herbacea  L.  Sznilak  family  (Sznilacaceae). 

Carrion-flower;  American  JaoobVladder. 

Native,  herbaceous  perennial,  occurring  in  wo<m18  and  thicketn  in  Oanada  and 
the  eastern  United  States. 

Partwted. — Herb  (nonofl5cial). 

Smilax  pseudo-china  L.  Smilax  family  ( Smilacaceae ) . 

Bamboo-brier;  Iqng-ntalked  greenbrier;  American  China-root;  false  China-root; 
bullbrier. 

Perennial  vine,  native,  growing  in  dry  or  sandy  thickets,  Maryland  to  Florida, 
west  to  Texas  and  Nebraska. 

Part  lijwrf. — Rhizome  ( nonofficial ) . 
Snake-gentian.     See  Nabalus  8er])entariu8. 
Snakehead.     See  Chelone  glabra. 
Snakeleaf,  yellow.     See  Erythronium  americanum, 
Sn^ke-lily.     See  /rw  versicolor. 
Snakemilk.     See  Euphorbia  corollata. 

Snakeroot,  black.     See  Cimidfuga  racemosa  and  Saiiinila  marilandica. 
Snakeroot,  button-.     Sqc  Erynglum  yiu^cifolium. 
Snakeroot,  Canada.     See  Asarum  canadense. 

Snakeroot,  com-.     See  Erynginm  yurcifolium  and  Ixicimiria  spicata.- 
Snakeroot,  dense  button-.     See  Laeinaria  spicata. 
Snakeroot,  large  button-.     See  lAwinaria  scariosa. 
Snakeroot,  Red  River.     See  Aristolochia  reticulata. 
Snakeroot,  Sampson's-      See  Gentiana  villosa. 
Snakeroot,  Samson's-.     See  Psoralea  pedunculata. 
Snakeroot,  Seneca,     See  Polygala  senega. 
Snakeroot,  smaller  white.     See  Eupatorium  aromatinum, 
Snakeroot,  Texas.     See  Aristolochia  rcticidata. 
Snakeroot,  Virginia.     See  Aristolochia  neipentaria. 
Snakeroot,  white.     See  Eupatorium  ageratoides. 
Snake-violet.     See  Viola  pedata. 
Snakeweed.     See  Euphorbia  pilulifera. 
Snapweed.     See  Impatiens  aurea  and  /.  biflora. 
Sneeze  weed.     See  Helenium  autumnale. 
Sneezewort.     See  Helenium  autumnale. 
Snowdrop,  yellow.     See  Erythronium  americanum, 
Soaproot.     See  S(tponarin  officinalis. 
Soapwort.     See  Saponaria  officinalis. 
Soapwort-gentian.     See  (lentiami  sajwnaria. 

Solanum  carolinense  L.  Potato  family  (Solanaceae). 

Horse-nettle;  bull-nettle;  sjmdVmer. 

Rough-hairy,  native,  perennial  herb,  common  in  dry  fields  and  on  sandy  or 
gravelly  banks  from  the  eastern  United  Stat*»s  west  to  Texas  and  Nebraska. 

Parts  used. — Root,  leaves,  and  berries  (nonofficial). 
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Solanum  dulcamara  L.  Potato  family  (Solanaoeae). 

Dulcamara;  bittersweet;  woody  nightshade;  violet-bloom;  scarletbeny. 

Climbinff,  ehrubby  perennial,  naturalized  from  Europe;  found  in  low,  damp 
grounds  and  moist  banks,  New  Brunswick  to  Minnesota,  south  to  New  Jersey 
and  Kansas. 

Part  used. — Young  branches  (official  in  U.  S.  P.  1890). 

Solidagro  odora  Ait.  Aster  family  (Asteraceae). 

Sweet  goldenrod;  fragrant-leaved  golden  rod;  anise-sclented  goldenrod. 
Slender,  perennial  herb,  2  to  3  feet  high,  native;  in  dry  soil  from  Maine  to  Texas«. 
Parts  used. — Leaves  and  tope  (nonofficial). 

Solomon's-seal,  false.     See  Vngnera  racemom. 

Solomon* s-seal,  giant.     See  Polygonatum  commxUaium. 

Solomon' s-seal,  great.     See  Polygonatum  commutatum. 

Solomon' 8-seal,  hairy.     See  Polygonatum  biflorum. 

Solomon's-seal,  small.     See  T  a^n^ra  ra^emosa. 

Solomon 'n-seal,  smaller.     See  Polygonatum  Inftorum. 

Solomon 's-seal,  smooth.    See  Polygonatum  commutatum. 

Sorbus  americana  Marsh.  Apple  family  (Malaceae). 

Synonym. — Pyrus  americana  DC. 

American  mountain-ash;  roundwood;  dogberry;  mountain-sumac;  American 
service-tree. 

Indigenous  tree  or  tall  shrub,  growing  in  low  W(mx1s  or  moist  ground  from  New- 
foundland south  along  the  mountains  to  North  C'arolina,  and  to  Michigan. 

Parts  used. — Bark  and  berries  (nonofficial). 

Sorrel,  common.     See  Rumex  acetosella. 

Sorrel,  field-.     See  Rumex  acetosella. 

Sorrel,  sheep-.     See  Rumex  acetosella. 

Sorrel,  white  wood-.     See  Oxalis  acetosella. 

Sorrel-tree.     See  Oxydendrum  arhoreum. 

Sour-gra«i.     See  Rumex  acetosella. 

Sourwood.     See  Oxydendrum  arboreum. 

Southernwood.     See  Artemisia  abrotannm. 

Spathyema  foetida  (L. )  Raf.  Arum  family  (Araceae). 

Synonyms. — Dracontium  foetidum  L. ;  Sjfmplocarpus  foetidus  Nutt. 

Skunk-cabl)age;  skunk  weed;  j)olecat-weed;  swamp-cabbage. 

Indigenous,  perennial  herb,  about  1  to  2  feet  high,  found  in  swamps  and  wet 
soil  from  Canada  south  to  Florida,  Iowa,  and  Minnesota.  Appearp  very  early 
in  spring. 

Parts  used. — Rhizome  and  rooti^i  (nonofficial). 
Spatter-dock.     See  Nymphaea  advena. 
Spearmint.     See  Mentha  spicata. 
Speedwell,  common.     See  Veronica  officinalis. 
Speedwell,  tall.     See  Veronica  virginica. 
Spicebush.     See  Benzoin  benzoin. 
Spicewoo<i.     See  Benzoin  benzoin. 
Spigelia.     See  Spigelia  jnarilandica. 
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Spigelia  marilandica  L.  Logania  family  (Lofiraniaceae). 

Spigelia;  pinkroot;  Maryland  pinkroot;  Indian  pinkroot;  worm-jrra«8. 

Erect,  native,  perennial  herb,  6  inches  to  IJ  feet  high,  found  in  rich  woods.  New 
Jersey  to  Florida,  west  lo  Texas  and  Wisconsin.  Occurs  principally  in  the 
SoutKem  States. 

Paris  used. — Rhizome  and  roots  (official). 

Spignet.     See  Aralm  raceniosa. 

Spikenard.     See  Aralia  racemosa. 

Spikenard,  American.     S€»e  Aralia  rncenioMi. 

Spikenard,  false.     See  VagruTa  race  mom. 

Spikenard,  small.     See  Aralia  niKliraulin. 

Spikenard,  wild.     See  Vagnera  racemosa. 

Spindle-tree.     See  Euonymus  atntjmrpureus. 

Spiraea.     See  f^raea  tomeniosa. 

Spiraea  tomentosa  L.  Rose  family  (Boaaceae). 

Spiraea;  hardhack;  steeplebush;  pink  meadowsweet;*  silverleaf. 

Native  shrub,  occurring  in  low  grounds  and  uoist  meadows  from  Nova  Scotia 
south  to  Georgia,  west  to  Kansas  and  Manitoba. 

Parts  used. — Leaves  and  root  (nonofficial). 
Spleen wortbush.     See  Oomptonia  peregrina. 
Spruce,  black.     See  Picea  mariana. 
Spruce,  hemlock-.     See  Tsuga  canadensis. 
Spruce,  weeping.     See  Tsuga  canadensis. 
Spruce-gum  tree.     See  Picea  mariana. 
Spurge,  flowering.     See  Euphorbia  coroUaUi. 
Spurge,  ipecac-.     See  Euphorbia  ipecjtcuanhae. 
Spurge,  large  spotted.     See  Euphorbia  niUayts. 
Spurge,  pill-bearing.     See  Euphorbia  pUnlifera, 
Spurge-laurel.     See  Daphne  mezereum. 
Spurge-olive.     See  Daphne  mezereum. 
Squawberry.     See  Miichella  repens. 
Squawbush.     See  Vihumum  opuliis. 
Squawflower.     See  THUium  erectnm. 
Squawmint.     See  Hedeoma  pulegioides. 

SquawToot.     See  Caulophgllum  thalictroides  and  Oimicifuga  racemom. 
Squaw-vine.     See  Miichella  repent*. 
Squaw-weed.     See  Eupatorium  ageralindes. 
Squaw-weed,  swamp.     See  Setiecio  aun^us. 
Squirrel-corn.     See  Bikuhiila  canadensis. 
Squirrel-ear.     See  Peramium  repens. 
Staff-tree.     See  Celastrus  scandens. 
Stagbush.     See  Viburnum  prunifolium. 
Staggerwee<l.     See  Bikukuila  canadensis. 
Stag's-horn.     See  Lycopodium  clavatnm. 
Staninierwort.     See  Ambrosia  artemisiaefoHa, 
Star-grass*.     See  Aletris  farimt.^a. 
Starwort.     See  Cfiamaelirium  Intenm, 
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Starwort)  drooping.    See  Chamaelirium  ItUeiim. 

SUUice  caroliniana  Walt.     Same  as  Limonium  carolinianum. 

Steeplebush.    See  Spiraea  iomerUosa, 

SteUaria  media  Cyr.     Same  as  Algine  media, 

Stillingia.     See  StiUingia  tylvaHca. 

Stillinsria  aylvatica  L.  Spurgre  family  ( Euphorbiaceae ) . 

Stillingia;  queen Vroot;  queen's-delight;  silverleaf. 

Native,  herbaceous  perennial,  1  to  3  feet  in  height,  occurring  in  dry,  sandy  soil, 
and  pine  barrens  from  Maryland  to  Florida,  west  to  Kansas  and  Texas. 

Part  used. — Root  (official). 
Stonecroj),  ditoh-.     See  Penthorwn  sedoideK 
Stonecrop,  Vii^ginia.     See  Petithonnn  sedoiden. 
Stonemint.     See  Cunila  origaiioides. 
Stone-oak.     See  (/iierciut  alba. 
Stoneroot.     See  Collinsonig  canadengM. 
Stramonium.     See  Datura  stramonium. 
Strawberry,  sciirlet.     See  Fragaria  nrginiana. 
Strawberry,  Virginia.     See  Fragaria  tnrginiana. 
Straw  berry -shrub,  hairy.     See  Butneria  Jtorida. 

Stylosanthes  biflora  (L.)  B.  S.  P.  Pea  family  (Fabaceae). 

Synonym. — Stylosanthes  elatlor  Sw. 

Pencil-flower;  afterbirth- weed. 

Wiry,  perennial  herb,  6  inches  to  2  feet  in  height,  native;  occurring^  in  dry  soil 
from  New  York  to  Florida,  west  to  the  Indian  Territory. 

Part  used.— Wevb  (nonofficial). 
Stylosanthes  elaiior  Sw.     Same  as  Stylosanthes  biflora. 
Succory.     See  Cichorium  iniyhun. 
Sumac,  fragrant.     See  Rhus  aromatica. 
Sumac,  mountain-.     See  Sorbus  amrricamu 
Sumac,  scarlet.     See  Rhus  glabra. 
Sumac,  smooth.     See  Rhtis  glabra. 
Sumac,  sweet-scented.     See  Rhus  aroiwitim. 
Summer-.savory.     See  Satureia  hortensia. 
SuiKlew,  round-leaved.     See  Ihrosera  rotnudifolia. 
Sunflower,  swamp-.     See  Heleninm  nuiumuale. 
Swamp  squaw-weed.     See  Senecio  atireus. 
Swamp  willow-herb.     See  Epilobium  paliistrc. 
Swamp-cabbage.     See  Sjmihyetna  foetidn. 
Swamp-dogwood.     See  Comus  amomnm. 
Swamp-hellebore.     See  Vfratrum  riride. 
Swamp-laurel.     See  Magnolia  virginiana. 
Swamp-maple.     See  Acer  rufynim. 
Swamp-milkweed.     See  Asclepiai*  'ntcamata. 
Swamp-sassafras.     See  Magnolia  nrginiami. 
Swamp-silkwee<l.     See  Asclepias  incamata. 
Swamp-sunflower.     See  Helenium  antiwmale. 
Swamp-willow,     See  Saliw  nigra. 
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Sweatweed.     8ee  Althaea  officinalis. 

Sweet-cicely.     See  Washingionia  longiMylis. 

Sweet-flag.     See  Acorus  calamus.         ' 

Sweet-gum.     See  Liquidambar  stynwlflua, 

Sweetroot.     See  Polemonium  reptans. 

Symphytum  officinale  L.  Bora^  family  (Bora^naceae). 

Comfrey;  healing-herb;  blackwort;  bruieewort. 

Erect,  perennial  herb,  2  to  3  feet  high/naturalized  from  Europe;  found  in  waste 
places,  Newfoundland  to  Minnesota,  south  to  Maryland. 

Part  fised. — Root  ( nonofficial ) . 
Sf/mplocarpus  foetidm  Nutt.     Same  as  SjKilhifenui  foetida. 

Tag-alder.     See  Alnus  rngom. 

Tamarack.     See  lAtrix  larieijin. 

Tanacetum.     See  Taiiacelum  I'lxlgare. 

Tanacetum  vulgrare  L.  Aster  family  ( Aster aceae). 

Tanacetum;  tansy;  double  tansy;  bitter-buttons;  parsley-fern. 

Strong-scented,  perennial  herb,  Ij  to  3  feet  hi^h,  introduced  from  Europe; 
escaped  from  cultivation  and  found  along  roadsides  from  Nova  Scotia  to  Mm- 
nesota,  south  to  North  Carolina  and  Missouri. 

Parts  tised. — Leaves  and  flowering  tops  (official  in  U.  S.  P.  1890). 

• 

Tan  bark-tree.     See  Thiga  caTiadensU. 

Tansy.     See  Tartacetum  ndgare. 

Tansy,  double.     See  Tanacetum  vulgare. 

Taraxacum.     See  Taraxacum  offirivale. 

Taraxacum  officinale  Weber. «  Chicory  family  (Cichoriaceae). 

Sgnonym. — Tararncnm  taraxacum  (L. )  Karsf 

Taraxacum;  dandelion;  blowball;  cankerwort. 

Low,  perennial  weed,  5  to  10  inches  high,  naturalize<i  fn)ui  Europe;  very  abun- 
dant in  lawns,  meadows,  and  waste  places  throughout  the  United  States,  with 
the  exception  of  the  South. 

Part  used. — Root,  collected  in  autumn  (official). 
TarCLxarum  taraxacum  (L. )  Karst.     Same  as  Tartwarum  officinale. 
Tea,  continental.     See  Ledum  groerdandicum. 
Tea,  James-.     See  Ledum  groenlaudicum. 
Tea,  Jersey.     See  Ceanothus  americanntt. 
Tea,  Jemsalem.     See  (lieiiopodium  amhroi^i&ides. 
Tea,  Labrador.     See  Ijedum  groeidandicum. 
Tea,  Mexican.     See  Chenopodium  amhro»ioide)<. 
Tea,  mountain-.     See  GaiUiheria  proannheiiH. 
Tea,  New  Jersey.     See  (kanothun  ameriranus. 
Tea,  Oswego.     See  Mnnarda  didyma. 
Tea,  Spanish.     See  Chenopodiurn  amhrosioidcH. 
Teaberry.     See  Gaultheria  procumhens. 
Tephrosin  virginiami  Pers.     Same  as  Oracra  nrginiatm. 
Tetterwort.     See  Chelidovium  majus  and  Sanguinoria  eonodeiisis. 
Thimbleberry.     See  Rubus  ovcidentalis. 

'(Although  the  combination   Thraracum  farajracnm  (L.)  Karht,  should  be  accepted  by  right  of. 
priority,  the  osafe  of  the  Pharmacopceia  is  followed. 
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Thimbles.     See  Digitalis  purpurea. 
Thimbleweed.     See  Rudherkia  laciniaia. 
Thistle,  bitter.     See  Cnicua  henedlctm. 
Thistle,  blessed.     See  Ciiinnf  heiiedictiai. 
Thistle,  Canada.     See  Carduits  armLshi. 
Thistle,  creeping.     See  Cardutis  anjetutiH. 
Thistle,  cursed.     See  Cardutis  arveims. 
Thistle,  holy.     See  Cnicus  benedirtus. 
Thistle,  St.  Benedict's-.     See  CMirnx  henedwius. 
Thistle,  spotted.     See  OnUmn  benedidHx. 
Thorn-apple.     See  Datura  utrammiium. 
Thoroughwort.     See  Eupatorium  perfolhUuvx. 
Thousandleaf.     See  Achillea  millefolwm. 
Throwwort.     See  Leonurus  cardiaca. 

Thuja  occidentalis  L.  Pine  family  (Pinaceae). 

Arbor-vitae;  white  cedar;  yellow  cedar. 

Indigenous,  evergreen  tree,  20  to  50  feet  in  height;  in  wet  soil  and  alon^  l»ankta 
of  streams,  Canada  to  North  Carolina,  Illinois,  and  Minnesota.  EHi)ecialIy 
abundant  in  Canada  and  the  Northern  States. 

Parts  used. — Branchleta  and  leaves  (nonofiicial). 

Tiarella  cordifolia  L.  Saxifrage  family  (Saxifragraceae). 

Coolwort;  false  miterwort;  foamflower;  gemfruit. 

Slender,  indigenous  i)erennial,  6  t<i  12  inches  high,  foimd  in  rich,  moist  wcxkIs, 
Nova  Scotia  to  Minnesota,  south,  especially  along  the  mountains,  to  (ieorgia 
and  Indiana. 

Part  used. — Herb  (nonofticial). 
Tickweed.     See  Ifedeoma  puleglokies. 

Tilia  americana  L.  Linden  family  (Tiliaceae). 

Synonym. — Tilia  glabra  Vent. 

Basswood;  American  linden;  whitewood. 

Large,  indigenous  forest  tree,  60  to  125  feet  in  height;  in  rich  woods,  esj>ecially 
along  the  mountains,  from  Canada  to  (reorgia,  west  to  Texai*  and  Nebraska. 

Part  used. — Inflorescence  of  this  and  of  other  sfx?cies  of  Tilia  (nonofficial). 
Tilia  glabra  Vent.     Same  as  Tllixi  americami. 
Tinker' s-weed.     See  Trionteum  perfoliaturn. 
Tobacco,  Indian.     See  lobelia  hiflata. 

Toothache-tree.     See  Fagara  clava-hercidii^  and  XatUhoj'glum  amerieanum. 
Touch-me-not,  i)ale.     See  Lnpatienji  auren. 
Touch-me-not,  spotted.     See  Impatiem  biffora. 
Toy  wort.     See  Bnr^a  bursa-jxidoriJi. 
Tree-primrose.     See  Oenothera  biennis. 
Trefoil,  marsh-.     See  Menyanthes  trifoliata. 
Trefoil,  shrubby.     See  Ptelea  iriJoUata. 
Trefoil,  sour.     See  Oxalis  acetosella. 

Trifolium  pratense  L.  Pea  family  (Fab'aceae). 

Red  clover;  meadow-clover;  purple  clover. 

Perennial  herb,  6  inches  to  2 feet  high;  common  infields  and  meadows  through- 
out the  eastern  United  States;  naturalized  from  Europe,  and  widely  cultivated. 

Part  used, — Blossoms  (nonofficial). 
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Trilisa  odoratissima  ( Walt. )  CaHs.  Aster  family  ( Asteraceae). 

Stfrumym.—L'mtrisi  odonUvmma  Michx. 

Vanilla-plant;  deer'fi-tongue;  vanilla-leaf;  Carolina  vanilla. 

Rather  stout,  native,  perennial  herb,  2  to  3  feet  high,  with  fragrant  leaves;  in 
pine  barrens  from  Virginia  south  to  Florida  and  Ix>uisiana. 

Part  used, — Leaves  (nonofticial). 

Trillium  erectum  L.  Lily-of-the- valley  family  (Convallariaceae). 

Wake-robin;  ill-scented  bethroot;  birth  root;  squawflower. 

St<>ut,  native  perennial,  8  to  16  inches  high,  growing  in  rich  soil  in  damp,  shady 
woods  from  Canada  south  to  Tennessee  ancl  Missouri. 

Part  used. — Rhizome  of  this  and  of  several  other  species  of  Trillium  (nonofficial). 

Triosteum  perfoliatum  L.  Honeysuckle  family  (Caprifoliaceae). 

Feverroot;  horse-gentian;  tinker's- weed;  white  gentian;  wild  ipecac. 

Indigenous,  perennial  herb,  2  to  4  feet  high;  in  rich  soil  in  shady  locations,  Que- 
bec to  Minnesota,  south  to  Alaban^a  and  Kansas. 

Partitsed. — Root  (nonofficial). 

Triticura.     See  Agropyron  repens. 

Triticnm  rejrteris  Beauv.     Same  as  Agropyron  repens, 

Trunipetleaf.     See  Snrracenid  Jiava. 

Truni{)et-milkweed.     See  lAirtuca  canaderms. 

Trumpets.     See  Sumwenia  Jlnixt. 

Tsu^a  canadensis  (L. )  Carr.  Pine  family  (Pinaceae). 

Syuotitfin. — Abien  amculenms  Michx. 

Hemlock;  hemlock-spruce;  weeping  spruce;  tanbark-tree. 

Indigenous  tree,  about  75  feet  in  height,  in  forests  from  Canada  south  to  Alabama 
and  Wisconsin. 

Parts  used. — Bark  and  prepared  resitious  exudate  (nonofficial). 
Tulip-poplar.     See  lAriodendron  tulipifera. 
Tulip-tree.     See  Liriodendroii  tulipifera, 
Tui>elo  gum.     See  Nyssa  aquaticn. 
Tui>elo,  large.     See  Xyma  (Ufuaiira. 
Ta|»elo,  sour.     See  Nymit  oyeche. 
Turkey-corn.     See  BikukaUa  canadensis, 
Turkey-pea.     See  Bikukulla  cauadrnsis. 
Tkirmra  aphrodisiaca  Wani.     Same  as  Tnrnern  microphylla. 

Tumera  microphylla  Desv.  Turnera  family  (Turneraceae). 

Sifnonym. — Tumera  aphrodimaca  Ward. 

Damiana. 

A  small,  shrubby  plant,  native  of  Lower  California,  Texas,  and  northern  Mexico, 
growing  in  dry  soil. 

Part  used. — Ijeaves  (nonofficial) . 
Turnip,  Indian.     S(»e  Armiema  triphyllum. 
Turnip,  wild.     See  Arianema  triphyllum. 
Turtle-head.     See  ( lielou£  glalrra. 

TuBsilagro  farfara  L.  Aster  family  ( Asteraceae). 

Colt*s-foot;  cough  wort;  horsefoot;  gingerroot. 

Perennial  herb,  8  to  18  inches  high,  naturalized  from  Europe;  in  moist  places 
along  roadsides  and  brooks,  northeastern  United  States  and  Minnesota  to 
Canada. 

Parts  used. — Leaves  and  root  (nonotficial). 
Twinleaf.     See  Jeffersonia  diphyUa. 
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Typha  latifolia  L.  Cattail  family  (Typhaceae). 

Broad-leaved  cattail;  cattail-flag;  bulrush. 

Native  marsh  plant,  perennial,  4  to  8  feet  high;  found  in  marshes,  ditches, 
muddy  pools,  and  other  wet  places  throughout  North  America,  except 
extreme  northern  part. 

Part  vMii. — Root  (nonofficial). 

Ulmus.     See  Ulmusfulva. 

TJlinus  fulva  Michx.  Elm  family  (Ulmaceae). 

Si/nonym. —  Ulmus  pubescens  Walt. 

rimus;  elm;  slippery  elm;  re<i  elm;  mooae-elm;  Indian  elm. 

Indigenous  tree,  50  to  60  feet  high,  growing  on  hills,  along  streams  and  in  woods 
from  Quebec  to  North  Dakota,  south  to  Florida  and  Texas.  More  common  in 
the  western  part  of  it«  range. 

Part  tised. — Bark  deprived  of  its  periderm  (oflicial). 
UlmiJUi  pubescemt  WaXt.     Same  as  VImusfulra. 
Umbrella-tree.     See  Magnolia  tripetala. 
Unicorn-root,  false.     See  Aletris  fannosa. 
Unicorn-root,  true.     See  Chamaeliriam  hUeum, 
Upland-cranberry.     See  Arrtostaphylos  um-urstL 

Urtica  dioica  L.  Kettle  family  (TTrticaceae). 

Stinging  nettle;  great  nettle. 

Herbaceous,  perennial  plant,  2  to  4  feet  high,  with  stinging  hairs;  natur.ilized 
from  Europe  and  found  in  waste  places  from  Canada  and  Minnesota  south  to 
South  Carolina  and  Missouri. 

Parts  used. — Flowers,  leaves,  and  root  (nonofficial). 
Uva-ursi.     See  ArctosUiphylos  ur-a-ursi. 
Uvedalia.     See  Polymnia  uvedalia. 

Uvulaxia  perf oliata  L.  Bunchflower  family  (Melanthiaceae) . 

Perfoliate  bell  wort;  Mohawk-weed. 

Native,  perennial  herb,  6  to  20  inches  high;  in  moist  wooils  and  thickets,  Quebec 
to  Florida  and  Missis.««ippi. 

Part  used. — Root  (nonofficial). 

Vag^nera  racemosa  (L. ;  Morong.  Lily-of-the-vaUejr  family 

( Convallariaceae  ) . 

Synonyms. — ConvaUaria  racemosa  L. ;  Smilacina  racemosa  Desf. 

False  Solomon*8-seal;  small  Solomon 's-seal;  wild  spikenani;  false  spikenard. 

Indigenous,  perennial  herb,  1  to  3  feet  high,  found  in  moist  woods  and  thi(*kets 
from  Canada  south  to  Georgia  and  Arizona. 

Part  used. — Root  (nonofficial). 
Valerian.     See  Valeriana  officinalis. 
Valerian,  American.     See  Cypripedium  hirsutum. 
Valerian,  American  Greek.     See  Polemonium  reptans. 
Valerian,  garden-.     See  Valeriana  officinalis. 
Valeriana.     See  Valeriana  officinalis. 
Valeriana  officinalis  L.  Valerian  family  (Valerianaceae). 

Valeriana;  valerian;  garden-valerian;  vandal-root. 

Perennial  herb,  2  to  5  feet  high,  native  of  Europe;  escaped  from  gardens  to 
roadsides  in  New  York  and  New  Jersey. 

Parts  used. — Rhizome  and  roots  (official). 
Vandal-root.     See  Valeriana  officinalis. 
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Vanilla,  Carolinji.     See  Trilisa  odoratimma. 

Vanilla-leaf.     See  TVUisa  odoratMma. 

Vanilla-plant.     See  Trilitta  odoratis^thtia. 

Velvet-plant.     See  Verbascum  thapsus. 

Veratrum.     See  Veratrum  inride. 

Veratram  viiide  Ait.  Bimchflower  family  (Melanthiaceae). 

Veratrum;  American  hellebore;  Bwamp-hellehore;  green  hellel)ore. 

Native,  perennial  herb,  2  to  7  feet  high,  growing  in  swampp,  wet  woods,  aiul 
meadows,  Canada  and  Alanka,  Minnesota  Hoiith  to  Cfeorgia. 

Parts  uf*efl. — Rhizome  and  root«  of  this  or  V.  nlfmm  (official). 

Verbascum  thapsus  L.  Fign^^ort  family  (Scrophulariaceae). 

Mullein;  velvet  dock;  velvet-plant;  flannel-leaf. 

Tall,  erect,  biennial  weed,  sometimes  7  feet  in  height;  naturalized  from  Euro|)e 
and  growing  in  fields,  jiastures,  and  waste  places,  Nova  Scotia  to  Minnesota, 
southward  to  Florida. 

Parta  used. — Leaves  and  flowers  (nonofRcial). 

Verbena  haatata  L.  Vervain  family  ( Verbenaceae ) . 

Vervain;  simpler's-joy;  wild  hyssop. 

Krect,  indigenous  perennial,  3  to  4  feet  liigh,  found  in  fields,  meadows,  and 
waste  places,  (.*anada  to  Nebraska,  New  Mexico,  and  Florida. 

Parts  used. — K(X)t  and  herb  (nonofficial). 

Veronica  officinalis  L.  Fign'V'ort  family  (Scrophulariaceae). 

Common  8pee<lwell;  Paul's-betony. 

Perennial  herb,  3  to  10  inches  high;  in  dry  fields  and  woo<1h,  Nova  Scotia  to 
Michigan,  south  to  North  Carolina  and  Tennessee. 

Part  used. — Herb  (nonofficial). 
Veronica,  tall.     See  Veronica  mrginica. 
Veronica  virginica  L."  Fig^svort  family  (Scrophulariaceae). 

Syiiont/m. — Leptnndra  nrginica  (L. )  Nutt." 

Leptandra;  Culver's- root;  Culver' s-physic;  l)lackroot;  Bowinan*s-r(K»t;  talls|)ee<l- 
well;  tall  veronica. 

Indigenous,  perennial  plant,  2  to  5  feet  high,  in  moist,  rich  ground  in  woods, 
meadows,  and  thickew  from  (^anada  to  Alabama  and  Ncl)raska. 

Parts  used. — Rhizome  and  roots  (official). 
Vervain.     See  Verbena  hoMata, 

Viburnum  dentattun  L.  Honeysuckle  family  (Caprifoliaceae). 

Arrow  wood;  mealy-tree. 

Smooth,  indigenous  shrub,  about  15  feet  in  height,  growing  cm  low  ground  and  in 
damp  woods  and  thickets  from  New  Brunswick  and  ()ntario  south  ahmg  the 
mountains  to  Georgia,  and  westward  to  Minnesota. 

Part  used.  — Bark  (nonofficial). 

Viburnum  lentago  L.  Honeysuckle  family  (Caprifoliaceae). 

Xannybush;  sheepberry;  sweet  viburnum. 

An  indigenous  shrub,  sometimes  a  small  tree;  in  rich  soil  from  Canada  to(ieorgia 
and  Missouri. 

Part  used. — Bark  of  the  root  of  this  spe<des  or  of  V.  jyrunifoliurn  official  under  the 
name  "Viburnum  prunifolium." 


'iSorae  authors  hold  that  this  phint  belongs  to  the  genus  LeptHudni  and  that  its  name  should  be 
Lrptandra  virginica  (L.)  Nutt.    The  Phannacopteia  in  here  followed. 
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Viburnum  opulus.     See  Viburnum  opiUus  L. 

Viburnum  opulus  L.  Honeysuckle  family  (Caprifoliaceae). 

Viburnum  opulus;  cramp-bark;  high-bush  cranberry;  squawbush. 

Indigenous  shrub,  4  to  10  feet  in  height,  founSl  in  low,  rich  woods  and  borders 
of  fields  from  New  Jersey,  Michigan,  and  Oregon,  northward. 

Part  used. — Bark  (official). 

Viburnum  prunifolium.     See  Vibumum  lentago  and  V.  prunifolium  L. 

Viburnum  prunifolium  L.  Honeysuckle  family  (CapriToliaceae). 

Black  haw;  sloe;  stagbush. 

Indigenous  shrub  or  small  tree,  Rowing  in  dry  woods  and  thickets  and  on  rocky 
hillsides,  Connecticut  to  Florida,  west  to  Michigan  and  Texas.  Most  abun- 
dant in  the  South. 

Part  used. — Bark  of  the  root  of  this  species  or  of  V.  lentago  official  under  the 
name  **  Vibumum  prunifolium." 

Vibumum,  sweet.    See  Vibumum  lentago. 

Vine-maple.     See  Menispermum  canadense. 

Viola  odorata  L.  Violet  family  (Violaceae). 

English  violet;  sweet  violet;  March  violet. 

Low  herb,  native  of  Europe;  escaped  from  gardens,  Nova  Scotia  to  New  York 
and  New  Jersey,  and  on  the  Pacific  coast. 

Part  used. — Flowers  ( nonofficial ) . 

Viola  pedata  L.  Violet  family  (Violaceae). 

Bird' 8-foot  violet;  wood- violet;  snake- violet. 

Native  plant,  perennial,  3  to  10  inches  high,  occurring  in  dry  fields  and  on  hill- 
sides from  Maine  to  Minnesota,  south  to  Florida  and  Missouri. 

Parts  used. — Herb  and  root  (nonofficial). 

Viola  tricolor  L.  Violet  family  (Violaceae) . 

Pansy;  heartsease. 

Small  herb,  4  to  12  inches  high,  introduce<i  from  Europe;  found  in  waste  plaoes, 
sparingly  escaped  from  gardenn. 

Part  used. — Flowering  herb  (nonofficial). 
Violet,  bird* 8-foot.    See  Viola  pedaia. 
Violet,  dog*8-tooth.     See  Erythronium  ameriranum. 
Violet,  English.    See  l^ola  odorata. 
Violet,  March.     See  Viola  odorata. 
Violet,  rattlesnake-.     See  Erythronium  amerieamim. 
Violet,  snake-.     See  Viola  jyedaia. 
Violet,  sweet.    See  Viola  odorata. 
Violet,  wood-.     See  Viola  pedata. 
Violet- bloom.    See  Solarium  dulcamara. 
Virginia  creeper.     See  Partherumssus  quinquefolia. 
Virgin' 8-bower.     See  Clematis  rirginiana. 
Viscum  flavescens  Pursh.     Same  as  Phoradendron  flaijescens. 
Vomitwort.     See  Jx)belia  inflata. 

Wafer-ash.     See  Ptelea  trifoliaia. 

Wahoo.     See  Euonymus  atropurpureus. 

Wake-robin.     See  Arisaetria  triphyllum  and  Trillium  ereHum. 

Walnut,  white.     See  Jnglans  cinerea. 

Wartwort.     See  Gnaplialiuni  nliginosum. 
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Waahin^tonia  longistylis  (Torr.)  Britton.  Parsley  family  (Apiaceae). 

Synonym. — Osinorrhiza  longistylU  DC. 

Sweet-dcely;  anise-root;  sweet  chervil. 

Krect,  rather  stout,  perennial  herb,  2  to  3  feet  high,  native;  in  rich,  moist  woods 
and  banks  of  streams  from  Canada  to  Alabama  and  Texas. 

Part  used. — Root  (nonofficial). 
Water-avens.     See  Geum  rivale. 
Water-bugle.     See  Lycopus  mrginicus. 
Watercup.     See  Sarracenia  flaya  and  S.  purpurea, 
Watercup,  yellow-flowered.     See  Sarracenia  flava, 
Water-eryngo.     See  Eryngium  i/uccifolium. 
Water-flag.     See  Iris  .rer»icolor. 

Wat45r-hemlock.     See  Cicuta  tnacuiata. 

* 

Water- hoarhonnd.  -t^ec  LycojmM  rirgmhtis. 

Water-lily.     See  CasUUia  odorata. 

Water-lily,  sweet-scented.    See  CastcUia  odorata. 

Water-pepper.     See  Polygonum  hydropiper. 

Water-shamrock.     See  Menyanihes  irifoliata. 

Water-smart  weed.    See  Polygonum  punctaium. 

Waxberry.     See  Myrica  cerifera. 

Wax-myrtle.     See  Myrica  cerifera. 

Waxwork.     See  CelaMrus  scandemt. 

Wavthom.     See  Khammcs  cathartica. 

White-bark.    See  Populus  alba. 

Whiteroot.     See  Asclepias  tuberosa. 

Whitethorn.     See  Crataegus  oxyacantha. 

Whitewood.    See  Liriodendron  hUipifera  and  Tilia  americana. 

\yickopy.     See  Dirca  palustris. 

9 

Wi(;kup.     See  Chamaenerion  angustifolium  and  Ep'dobium  paluslre. 

Willow,  black.     See  Sal'ijc  nigra. 

Willow,  European.     See  Salix  alba. 

Willow,  pussy-.     See  Salix  nigra. 

Willow,  rose-.     S€»e  Comus  amomum. 

Willow,  Hwamp-.     See  Salix  nigra. 

Willow,  white.     See  Salia-  alba. 

Willow-herb,  great.     See  Chama4'tieriun  angustifolium. 

Willow-herb,  night.     See  Oenothera  biennis. 

Willow-herb,  swamp.     See  Epilobium  palustre. 

Wingseed.     See  Ptelea  trifoliaia. 

Winterberry,  Virginia.     See  Ilex  vertidUata. 

Winterbloom.     See  Hamamelis  virginiana, 

Wintergreen.     See  GauUheria  procumbens. 

Wintergreen,  bitter.     See  Chimaphila  umbellata. 

Witch-hazel.     See  Hamamelis  virginiana. 

Woodbine,  wild.     See  Gelsemium  sempen*irens. 

Wood-fern,  evergreen.    See  Dryopteris  marginalis. 
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Wood-sorrel,  white.     See  Oxalia  acetoffetta, 
W^ood-violet.     See  Viola  pedata. 
Worm-graas.     See  Spigdia  marUandica. 
Wormseed.     See  Chenopodium  anlhelmirUicujn, 
Wormseed,  American.     See  Chenopodium  ambrosioidea. 
Wormwood.     See  Artemma  absinthium. 
Wormwood,  Roman.     See  Ambrosia  artemisiaefolia. 

Xanthium  spinosum  L.  Ragrweed  family  (Ambrosiaoeae). 

Spiny  clotbur;  spiny  burseed;  thorny  clotweed;  thorny  burweed. 

An  annual  weed,  1  to  3  feet  high,  naturalized  from  Europe  or  Asia;  in  waste 
ground,  Ontario  to  Florida,  westw^ard  to  Missouri  and  Texas. 

Part  used. — Leaves  (nonofficial). 

Xanthorrliiza  apiifolia  L'  Her.  Crowfoot  family  ( Ranunculaceae ) . 

Shrub  yellowroot;  southern  yellowroot. 

Low,  shrubby,  indigenous  perennial,  1  to  2  feet  high,  growing  in  woocls  and 
along  river  banks,  southwestern  New  York  to  Florida,  chiefly  in  the  moun- 
tains. 

Farts  used. — Rhizome  and  roots  (nonofficial). 
Xanthoxylum.     See  Fagara  clava-hercidis  and  Xanliioxylum  americanum. 

Xanthoxyliun  americajxum  Mill.  Rue  family  (Rutaceae). 

Synonym. — Xanthoxylum  fraxineum  Willd. 

Xanthoxylum;  northern  prickly  ash;  toothache-tree. 

Indigenous  shrub  or  small  tree,  maximum  height  about  25  feet;  common  in 
woods  and  thickets  and  along  river  banks  from  Virginia,  Missouri,  and 
Nebraska  northward  to  Canada. 

Farts  tised.  —Bark  of  this  or  of  Fagara  dava-herciUis  official  under  the  name 
"Xanthoxylum."     Berries  (nonofficial). 

Xanthox]flum  clava-herctUis  L.     Same  as  Fagara  clava-herculis. 

Xanthoxybim  fraanneum  W^illd.     Same  as  Xanthoxylum  americanum. 

Yam,  wild.     See  Dioscorea  villosa. 

Yarrow.     See  Achillea  mUlefolium. 

Yellowroot.     See  (bptis  trifoliay  Hydrastis  canadensis,  and  Jeffersonia  diphylla. 

Yellowroot,  shrub.     See  Xantlwrrhiza  apiifolia. 

Yellowroot,  southern.     See  Xanthorrhiza  apiifolia. 

Yellowthorn.    "See  Fagara  clava-herculis. 

YoUowwood.     See  Fagara  clava-herculis. 

Yerba  buena.     See  Micromeria  chamissonis. 

Yerba  reuma.     See  Frankenia  grandifolia. 

Yerba  santa.     See  Kriodictyou  adifomicum. 

Youth  wort.     See  Drosera  rotundifolia  and  Heravleum  lanatum. 
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I.— THE  STORAGE  AND  GERMINATION  OF  WILD  RICE 

SEED." 

By  J.  W.  T.  DrvEL,  Am'ustani  in  the  Seed  Laboratory. 


INTBODnCTION. 

The  seed  of  wild  rice,  sometimes  called  Indian  rice  or  water  oats 
(Zizania  aquatica  L.),  has  alwaj's  been  a  very  valuable  food  among 
I  the  Indians,  especially  those  of  the  upper  Mississippi  Valley.  Of 
recent  years  wild  rice  has  found  a  place  on  the  menu  cards  of  some 
of  our  best  American  hotels.  The  rich  and  highly  nutritious  grains, 
together  with  the  slightly  smoky  flavor  it  has  when  properly  pre- 
pared, make  it  an  extremely  palatable  article  of  diet.  If  it  were  not 
for  the  difBculties  of  harvesting  the  seed  and  preparing  the  finished 
product  for  market  it  is  probable  that  wild  rice  would  find  a  place  in 
maDy  American  homes. 

At  present,  however,  the  greatest  interest  in  wild  rice  is  created  by 
the  value  of  the  seed  as  a  food  for  wild  waterfowl,  particularly  wild 
ducks.  As  a  result  of  this  interest  the  propagation  of  wild  rice  from 
seed  has  become  a  question  of  considerable  importance,  especially  to 
the  members  of  the  gunning  clubs  throughout  the  United  States  and 
Canada. 

\  DISTBLBTTTION. 

The  distribution  of  wild  rice  is  now  reported  from  New  Brunswick 
and  Assiniboia  south  to  Florida,  Louisiana,  and  Texas.  There  are, 
however,  comparatively  few  localities  in  which  it  grows  abundantly. 

«  Wild  rice  is  considered  one  of  the  most  important  foods  for  wild  ducks  and  other 
waterfowl,  and  a  large  number  of  inquiries  have  been  received  from  members  of 
gunning  clubs  throughout  the  United  States  asking  where  good,  germinable  seed  can 
be  secured.  It  is  quite  generally  recognized  that  wild  rice  seed  loses  its  vitality  if 
allowed  to  become  dry,  and  better  methods  of  storing  the  seed  during  the  winter 
have  long  since  been  demanded. 

The  results  of  investigations  begun  tw^o  years  ago  show  that  wild  rice  seed  can  be 
handled  without  any  deterioration  in  vitality  if  it  is  harvested  and  stored  according 
to  methods  outlined  in  the  present  paper. 

J.  W.  T.  DuvEL,  Acting  Botanist  in  Cfiarge  of  Seed  Laboratory- 

Seed  Labobatory, 

WashiTigtonj  D.  C,  July  ^0^  1906. 
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Good  reasons  exist  for  assuming  that  this  area  can  be  extended  t| 
include  all  fresh-water  lakes,  as  well  as  swamps  and  river  bogs,  -wh&i 
the  water  does  not  become  stagnant,  throughout  the  whole  of  Nord 
America  south  of  latitude  55^  north.  Wild  rice  also  grows  luxoii 
antly  along  the  lower  parts  of  many  of  the  rivers  of  the  Atlantic  Coad 
States,  the  waters  of  which  are  affected  by  the  action  of  the  tide  to  j 
considerable  degree,  and  consequently  contain  an  appreciable  quantt^ 
of  salt.  It  has  been  shown  ^  that  the  maximum  degree  of  concenti^ 
tion  of  salt  water  in  which  wild  rice  plants  can  grow  successfully  ii 
equivalent  to  a  0.03  normal  solution  of  Imodium  chlorid.  This  concen- 
tration corresponds  to  0.1755  per  cent  by  weight  of  sodium  chloridJ 
which  is  sufficient  to  give  a  slight  salty  taste  to  the  water.  ' 

HABITAT. 

While  it  is  well  recognized  that  the  habitat  of  the  wild  rice  plant  k 
in  shallow  fresh  water,  it  is  now  known  that  it  will  grow  luxuriant]/ 
in  water  containing  little  less  than  two-tenths  of  1  per  cent  of  sodioin 
chlorid.  Occasional  plants  have  been  found  growing  in  water  which 
contained,  for  short  periods  at  least,  nearly  double  that  amount  of 
salt.  These  facts  indicate  the  possibility  of  a  much  wider  range  of 
conditions  to  which  this  plant  may  be  subjected  without  hindering  its 
development.  It  is  not  beyond  the  range  of  possibility — indeed,  it  is 
quite  probable — that  by  careful  selection  plants  may  be  obtained  which 
will  thrive  on  soil  that  is  comparatively  dry,  at  least  in  places  in  which 
the  water  can  be  drawn  off  gradually  during  the  latter  part  of  the 
growing  season. 

In  September,  1904,  Mr.  G.  C.  Worthen,  of  the  Bureau  of  Plant 
Industry,  collected  a  cluster  of  wild  rice  plants  which  were  growing 
on  the  Potomac  Flats,  near  Washington,  D.  C,  in  soil  which  was  suf- 
ficiently dry  to  permit  the  use  of  a  2-horse  mowing  machine  for  cutting 
down  the  rank  growth  of  vegetation.  This  was  newly  made  land,  and 
in  all  probability  the  seed  giving  rise  to  this  cluster  of  plants  was 
pumped  in  with  the  dirt  from  the  Potomac  River  the  year  previous. 

This  amphibious  type  once  established,  it  will  undoubtedly  carry 
with  it  a  strain  of  seed  which  can  withstand  considerable  drying  with- 
out any  marked  injury  to  its  vitality.  Such  being  true,  the  methods 
and  difficulties  of  propagation  from  seed  would  be  greatly  simplified. 

Simultaneou;^  with  establishing  an  amphibious  type  should  come  the 
selection  of  seed  plants  which  are  capable  of  retaining  their  seed  until 
the  larger  part  of  it  has  reached  maturity.  These  two  steps  once 
made,  the  future  of  wild  rice  as  a  cereal  will  be  assured. 

<i  The  Salt  Water  Limits  of  Wild  Rice.  Bulletin  No.  72,  Part  II,  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture,  1905. 
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OEBJONATION  OF  THE  SEED. 

The  greatest  difficulty  to  be  overcome  in  extending  the  area  for 
growing  wild  rice  is  the  poor  germination  of  the  commercial  seed. 
[nasmuch  as  wild  rice  constitutes  one  of  the  most  important  foods  of 
wrild  ducks  and  other  wild  waterfowl,  many  individuals  and  most  of 
the  gunning  clubs  east  of  the  Rocky  Mountains  have  been  asking  the 
question,  How  can  we  propagate  wild  rice  from  seed  in  order  to  estab- 
lish better  feeding  and  fattening  grounds  for  our  game  birds  ? 

The  many  failures  in  the  propagation  of  wild  rice  from  seed  have 
been  due  to  the  use  of  seed  that  had  become  dry  before  sowing,  or  to 
the  fact  that  the  seed  when  sown  fresh  in  the  autumn  had  been  eaten 
by  ducks  or  other  animals  or  was  carried  away  by  heavy  floods  before 
germination  took  place. 

It  is  now  very  generally  known  that  the  seed  of  wild  rice,  if  once 
allowed  to  become  dry,  will  not  germinate,  save  possibly  an  occasional 
grain.  In  its  natural  habitat  the  seed,  as  soon  as  mature,  falls  into  the 
water  and  sinks  into  the  mud  beneath,  where  it  remains  during  the 
winter  months,  germinating  the  following  spring  if  conditions  are 
favorable. 

Heretofore  the  plan  generally  followed,  and  the  one  usually  recom- 
mended by  those  who  have  given  some  attention  to  the  propagation  of 
wild  rice,  was  practically  that  of  natural  seeding;  that  is,  to  gather  the 
seed  in  the  autumn,  as  soon  as  thoroughl}-^  mature,  and,  while  still  fresh, 
to  sow  it  in  1  to  3  feet  of  water. 

FALL  SEEDING  VEBSUS  SPRING  SEEDING. 

It  must  be  remembered  that  the  bulk  of  the  seed  remains  dormant 
during  the  winter,  germinating  first  the  spring  after  maturing;  con- 
sequently, with  but  few  exceptions,  fall  seeding  is  unsatisfactory  and 
unreliable.  Fall  seeding  is  likely  to  prove  a  failure  for  three  reasons: 
(1)  Wild  ducks  and  other  animals  of  various  kinds  eat  or  destroy  the 
seed  in  considerable  quantity  before  it  has  had  time  to  germinate  the 
following  spring;  (2)  much  of  the  seed  is  frequently  covered  so  deeply 
with  mud  that  washes  in  from  the  shore  during  the  winter  that  the 
young  plants  die  of  suffocation  and  starvation  before  they  reach  the 
surface;  (3)  in  some  cases  a  large  quantity  of  the  seed  is  carried  away 
from  the  place  where  sown  by  the  high  waters  and  floating  ice  prev- 
alent during  the  latter  part  of  the  winter  and  early  spring. 

In  exceptional  cases  these  difficulties  can  be  overcome;  under  which 
circumstances  autumn  sowing  may  be  preferable  to  spring  sowing. 
In  the  majority  of  cases,  however,  much  better  results  will  be 
obtained  if  the  seed  is  properly  stored  and  sown  in  the  early  spring, 
as  soon  as  the  danger  of  heavy  floods  is  passed  and  the  water  level 
approaches  normal. 
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In  sowing  the  seed  considerable  care  must  be  exercised  in  selectinir 
a  suitable  place,  securing  the  proper  depth  of  water,  etc.  Good 
results  can  be  expected  if  the  seed  is  sown  in  from  1  to  3  feet  of  water 
which  is  not  too  stagnant  or  too  swiftly  moving,  with  a  thick  layer  of 
soft  mud  underneath. *»  It  is  useless  to  sow  wild  rice  seed  on  a  gra vellj 
bottom  or  in  water  where  the  seed  will  be  constantly  disturbed  bj 
strong  currents. 

Previous  to  this  time,  save  in  a  few  reported  cases,  the  seed  which 
was  allowed  to  dry  during  the  winter  and  was  sown  the  following 
spring  gave  only  negative  results.  It  is  now  definitely  known  that 
wild  rice,  if  properly  handled,  can  be  stored  during  the  winter  without 
impairing  the  quality  of  germination  to  any  appreciable  degree,  and 
that  it  can  be  sown  the  following  spring  or  summer  with  good  success. 

DntECTIONS  FOB  BTOBJNQ  THE  SEED. 

The  vitality  of  wild  rice  seed  is  preserved  almost  perfectly  if  kept 
wet  in  cold  storage — Nature's  method  of  preservation.  This  method 
of  storage  implies  that  the  seed  has  been  properly  harvested  and  cared 
for  up  to  the  time  of  storage.  The  seed  should  be  gathered  as  soon 
as  mature,  put  loosely  into  sacks  (preferably  burlap),  and  sent  at  once 
to  the  cold-storage  rooms.  If  the  wild  rice  fields  are  some  distance 
from  the  cold-storage  plant  the  sacks  of  seed  should  be  sent  by  express, 
and  unless  prompt  delivery  can  be  guaranteed  it  is  not  advisable  to 
send  by  freight  even  for  comparatively  short  distances.  It  is  very 
important  that  the  period  between  the  time  of  harvesting  and  the 
time  when  the  seed  is  put  into  cold  storage  be  as  short  as  possible. 
If  this  time  is  prolonged  to  such  an  extent  as  to  admit  of  much  fer- 
mentation or  to  allow  the  seed  near  the  outside  of  the  bags  to  become 
dry  during  transit,  its  vitality  will  be  greatl}-  lowered. 

It  is  not  practicable  to  give  any  definite  length  of  time  which  ma\' 
elapse  between  harvesting  and  storing,  inasmuch  as  the  temperature, 
humidity,  and  general  weather  conditions,  as  well  as  the  methods  of 
handling  the  seed,  must  be  ttiken  into  consideration.  Let  it  suffice  to 
say,  however,  that  the  vitalit}^  of  the  seed  will  be  the  stronger  the 
sooner  it  is  put  into  cold  storage  after  harvesting. 

As  soon  as  the  seed  is  received  at  the  cold-storage  plant,  while  it  is 
still  fresh  and  before  fermentation  has  taken  place,  it  should  be  put 
into  buckets,  open  barrels,  or  vats,  covered  with  fresh  water,  and 
placed  at  once  in  cold  storage.  If  there  is  present  a  considerable 
quantit}^  of  light  immature  seed  or  straw,  broken  sticks,  etc.,  it  will 
be  profitable  to  separate  this  from  the  good  seed  by  floating  in  water 

«  Wild  Rice:  Its  Uses  and  Propagation.     Bulletin  No.  60,  Bureau  of  Plant  Industry, 
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iireparatory  to  storing.  The  storage  room  should  be  maintained  at 
k  temperature  just  above  freezing — what  the  storage  men  usually 
Lesi^nate  as  the  ''chill  room.'^ 

When  taken  from  cold  storage  in  the  spring  the  seed  must  not  be 
klloi^ed  to  dry  out  before  planting,  as  a  few  days'  drying  will  destroy 
5very  embryo. 

Seed  which  was  stored  under  the  foregoing  conditions  from  October 
19,  1903,  to  November  16,  1904,  393  days,  germinated  from  80  to  88 
per  cent.  Another  lot  of  seed,  which  was  stored  on  October  6,  1904, 
Euid  tested  for  vitality  on  April  17,  1905,  germinated  79.8  per  cent. 

Plate  I  shows  the  luxuriant  growth  made  by  the  seed  which  was  kept 
wet  and  stored  at  a  temperature  of  32^  to  34^  F.  for  393  days. 

I>STA]XED  CONDITIONS  AND  BEST7LTS  OF  STORAGE  EXPEBI- 

MENTS. 

The  foregoing  conclusions  are  based  on  the  results  obtained  from 
two  series  of  experiments,  as  follows: 

In  October,  1903,  a  box  of  wild  rice  seed  was  received  from  Ontario, 
Canada.  This  seed,  as  soon  as  gathered,  was  loosely  packed  in  moist 
sphagnum  and  sent  by  express  to  the  Seed  Laboratory  of  the  United 
States  Department  of  Agriculture.  After  a  few  days,  while  it  was 
yet  moist  and  before  any  fermentation  had  taken  place,  the  seed  was 
divided  into  four  lots  for  special  treatment,  as  follows: 

(1)  Seed  submerged  in  water  and  placed  in  cold  storage  at  a  temper- 
ature of  32°  to  34°  F. 

(2)  Seed  submerged  in  water  and  placed  in  cold  storage  at  a  temper- 
ature of  12^  F.  The  seed  was  soon  embedded  in  a  solid  mass  of  ice 
and  remained  so  until  samples  were  taken  for  test. 

(3)  Seed,  without  the  addition  of  water,  put  into  cloth  bags  and  kept 
in  cold  storage  at  a  temperature  of  32°  to  34°  F. 

(4)  Seed,  without  the  addition  of  water,  put  into  cloth  bags  and  kept 
in  cold  storage  at  a  temperature  of  12°  F, 

In  October,  1904,  a  second  consignment  of  seed  was  received  from 
Minnesota,  and  the  following  additional  storage  experiments  were 
made  by  Mr.  C.  S.  Scofieid,  of  the  Bureau  of  Plant  Industry. 

(5)  Seed  submerged  in  water  and  placed  in  cold  storage  at  a  temper- 
ature of  32°  to  34°  F.,  as  in  No.  1. 

(6)  Seed  submerged  in  water  and  placed  in  cold  storage  at  a  temper- 
ature of  12°  F,,  as  in  No.  2. 

(7)  Seed  submerged  in  water  in  a  galvanized-iron  bucket  and  stored 
on  the  roof  of  the  laboratory'  building.  The  water  was  changed  daily 
when  not  frozen. 
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(8)  Seed  submerged  in  water  in  a  galvanized-iron  bucket  and  stored 
on  the  roof  of  the  laboratory  building,  as  in  No.  7.  In  this  ease  the 
water  was  not  changed  save  to  replace  the  loss  due  to  evaporation, 

(9)  The  conditions  for  No.  9  were  the  same  as  those  for  No.  8, 
except  that  air  was  forced  into  the  water  daily  when  not  frozen  solid. 

Samples  of  seed  were  taken  from  the  different  lots  and  tested  for 
vitality  at  irregular  intervals  throughout  the  time  of  storage,  ^PvhicL 
in  the  former  series,  extended  over  a  period  of  approximately  thirteen 
months  and  in  the  latter  series  over  a  period  of  little  more  than  six 
months. 

Experiments  Nos,  1  and  5, — The  seed  which  was  submerged  in  water 
and  stored  in  the  "chill  room"  showed  no  deteriomtion  in  vitalitv. 
The  results  of  the  final  tests  gave  a  germination  varying  from  79.8  to 
88  per  cent.  This  is  practically  Nature's  method  of  preserving  the 
vitality  of  the  seed  during  the  winter. 

ExperimenU  Nos,  2  and  6, — The  seed  which  was  submerged  in 
water  and  stored  at  a  temperature  of  12^  F.  was  all  killed  before  the 
spring  following  the  date  of  storage.  Soon  after  being  placed  in  stor- 
age the  water  was  frozen  solid  and  the  seeds  were  embedded  in  a  mass 
of  ice,  in  which  condition  they  remained  throughout  the  experiment, 
a  portion  being  cut  out  from  time  to  time  for  germination  tests.  The 
complete  loss  of  vitality  in  these  two  lots  of  seed  is  attributed  not  to 
the  freezing  directly,  but  to  the  thorough  desiccation  as  a  result  of 
the  continuous  low  temperature. 

Experiments  JVos.  3  and.  ^. — ^The  samples  of  seed  which  were  stored 
in  cloth  bags  at  the  temperatures  of  32^  to  34°  F.  and  of  12°  F.  had, 
for  all  economic  purposes,  entirely  lost  their  vitality.  The  average 
percentage  of  germination,  as  shown  by  the  37  tests  made  from  each 
of  the  two  lots,  was  less  than  five-tenths  of  1  per  cent. 

Experiment  No.  7. — The  seed  which  was  submerged  in  water  and 
stored  on  the  roof  of  the  laboratory'  building,  the  water  being  changed 
daily,  showed  a  good  percentage  of  germination  when  the  last  vitality 
tests  were  made.  If  only  a  small  quantity  of  seed  is  desired  for  the 
spring  planting  and  cold  storage  can  not  be  readily  secured,  good 
results  may  be  obtained  by  this  treatment;  but  it  is  much  less  certain 
and  probablj'  more  expensive  than  keeping  the  seed  in  cold  storage, 
and  for  this  reason  is  not  recommended.  The  success  of  this  method 
will  likewise  depend  largely  on  the  temperature  of  the  water. 

ExperimeiHs  Nos,  8  and  9, — On  April  22,  1905,  samples  taken  from 
each  of  these  two  lots  of  seed  showed  a  marked  deterioration  in  vitalitv. 
Thoroughly  mixed  samples  from  No.  8  showed  a  vitality  of  only  58 
per  cent,  while  No.  9  had  deteriorated  to  14.3  per  cent.  , 
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PACKING  FOB  TRANSPOBTATIOK. 

Too  much  care  can  not  be  g^iven  to  the  matter  of  packing  the  seed 
Eor  <:ranj?portation,  for  unless  the  packing  is  properl}^  done  the  vitality 
of  the  seed  will  be  destroyed  during  transit.  What  is  here  said  applies 
to  fresh  seed  which  is  to  be  sown  in  the  autumn,  as  well  as  to  seed 
-which  has  been  kept  in  cold  storage  during  the  winter.  It  must  not 
l>e  forgotten,  however,  that  the  vitality  of  cold-storage  seed  is  more 
quickly  destroyed  on  drying  than  that  of  fresh  seed. 

For  transportation  the  seed  should  be  carefully  packed,  with  moist 
sphagnum,  cocoanut  fiber,  or  fine  excelsior,  in  a  loosely  slatted  box. 
If  the  time  of  transportation  does  not  exceed  five  or  six  days  no  spe- 
cial pi*ecautions  need  be  taken  as  to  the  temperature.  During  the 
period  of  transportation  it  is  quite  probable  that  some  of  the  seed  will 
g-erminate,  but  if  sown  at  once  growth  will  not  be  retarded  and  the 
roots  will  soon  penetrate  the  soil  and  anchor  the  young  plants. 

If  the  time  of  transportation  is  necessarily  long,  it  is  recommended, 
if  the  best  results  are  desired,  that  some  provision  be  made  for  a 
reduced  temperature.  The  nearer  the  temperature  approaches  that  of 
freezing  the  better.  It  has  been  demonstrated,  howev^er,  that  a  fair 
percentage  of  seed  will  remain  germinable  for  a  considerable  time  if 
packed  as  above  described. 

On  October  10,  1904,  Mr.  C.  S.  Scofield  sent  a  small  quantity  of 
"wild  rice,  packed  in  moist  sphagnum  moss  in  a  well-ventilated  box,  to 
Doctor  De  Vries,  of  Amsterdam,  Holland.  On  October  14  or  15  this 
box  was  placed  in  cold  storage  on  the  steamer  in  New  York  Harbor. 
The  box  of  seed  was  received  by  Doctor  De  Vries  in  good  condition  on 
November  2,  twenty -one  days  after  the  seed  was  packed  for  shipment. 

METHODS  OF  MAKING  OEBMINATIOK  TESTS. 

The  samples  were  tested  (1)  between  folds  of  blotting  paper — our 
regular  method  for  testing  the  germination  of  most  seeds — and  (2)  in 
water,  Nature's  method  of  sowing  wild  rice  seed.  The  latter  method 
gave  much  better  results  and  was  the  one  finally  adopted  for  the 
laboratory  tests.  The  seed  should  be  covered  with  water,  the  water 
in  the  dishes  to  be  changed  daily. 

Plate  1  shows  the  importance  of  making  the  germination  tests  in 
water,  as  described  in  the  foregoing  paragraph.  The  seed  was  covered 
with  water  and  placed  in  a  germinating  chamber  maintained  at  an 
alternating  temperature  of  20^  C.  {QS^'  F.)  for  eighteen  hours,  and 
30"^  C.  (84°  F.)  for  six  hours,  until  the  majority  of  the  seeds  had 
germinated.  At  this  stage  the  dish  containing  the  seeds  was  tmns- 
f erred  to  the  worktable,  which  was  exposed  to  the  temperature  of  the 
laboratory — approximately  that  of  a  living-room.     The  water  in  the 
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dish  was  changed  daily  during  the  period  of  germination,  and  water 
was  afterwards  added  at  irregular  intervals  to  replace  the  loss  bj 
evaporation. 

Plate  II  shows  somewhat  in  detail  the  different  stages  in  the  gennini- 
tion  of  wild  rice  seeds.  The  seeds  and  seedlings  are  shown  in  natural 
size.  In  h  and  c  the  first  sheath  has  just  burst  through  the  seed  coats, 
taking  a  position  at  right  angles  to  the  seed  proper.  The  lateral  roots 
begin  to  emerge  when  the  first  sheath  leaf  has  attained  a  length  of  ^  to 
li  inches.  From  this  time  growth  continues  rapidly,  and  by  the  time 
the  seedlings  are  2  or  3  inches  long  the  root  system  is  very  well 
developed  (/"and  g).  At  this  stage  under  favorable  conditions  the 
plants  have  a  good  hold  in  the  soil  and  will  not  be  washed  away  by  an 
ordinary  freshet.  The  relative  position  of  the  actively  growing 
seedling  is  always  at  right  angles  to  that  of  the  old  seed,  as  shown  in 
/and  g. 

SFVE^OT  OF  TEMPEKATXTBB  ON  GEBMINATION. 

Germination  tests  were  made  at  constant  and  alternating  tempera- 
tures, ranging  from  15^  to  36°  C.  (59°  to  95°  F.).  While  no  effort 
was  made  to  show  the  minimum  and  maximum  temperatures  of  ger- 
mination, the  percentage  was  somewhat  reduced  at  a  constant  tempera- 
ture of  35°  C,  and  the  maximum  is  not  much  above  that.  All  of  the 
other  temperatures  gave  good  results.  The  lower  temperatures,  how- 
ever, were  slightly  more  favorable  than  the  higher.  These  facts  are 
valuable  to  show  that  the  wild  rice  plant  can  thrive  in  either  warm  or 
cold  water,  but  better,  perhaps,  in  northern  than  in  southern  latitudes. 

SUMMABT. 

(1)  Under  no  circumstances  should  wild  rice  seed  which  is  intended 
for  planting  be  allowed  to  dry.  Dried  seed  will  germinate  but  rarely 
and  should  never  be  sown. 

(2)  Wild  rice  seed  can  be  stored  without  deterioration  if  it  is  gath- 
ered as  soon  as  matured,  put  into  barrels  or  tanks,  covered  with  fresh 
water,  and,  before  fermentation  has  set  in,  stored  at  a  temperature  of 
32-34°  F.  Seed  treated  in  this  way  germinated  as  high  as  88  percent 
after  being  in  storage  393  days.  Fresh  seed  seldom  germinates  better, 
and  usually  not  so  well. 

(3)  After  the  seed  is  taken  from  cold  storage  it  should  not  be 
allowed  to  dry.  The  vitality  of  cold-storage  seed  is  destroyed  on 
drying  even  more  quickly  than  that  of  fresh  seed. 

(4)  For  transportation  the  seed  should  be  packed  in  moist  sphagnum, 
cocoanut  fiber,  or  fine  excelsior.  If  not  more  than  five  or  six  days 
are  required  for  transit,  no  special  precautions  need  be  taken  for  con- 
trolling the  temperature;  but  if  the  time  for  transportation  exceeds 


STORAGE   AND   GERMINATION   OF   WILD   RICE   SEED.  13 

days,  provision  should  be  made  for  a  temperature  sufficiently  low 
prevent   marked    fermentation.     A  temperature    approximately 
zing  will  give  the  most  satisfactory  results. 

(5)  Wild  rice  can  be  sown  either  in  the  autumn  or  in  the  spring, 
ring  sowing  is  preferable,  thus  avoiding  the  danger  of  having  the 

eaten  or  destroyed  by  wild  ducks  or  other  animals  during  the  fall 
'winter,  or  of  its  being  buried  or  washed  away  by  the  heavy  floods 
late  winter  or  early  spring. 

(6)  Wild  rice  should  be  sown  in  the  spring  in  from  1  to  3  feet  of 
^v^stter  which  is  neither  too  stagnant  nor  too  swiftly  moving,  as  soon  as 
tikxe  danger  of  heavy  floods  is  passed. 

(7)  Wild  rice  is  of  the  greatest  importance  as  a  food  for  wild  water- 
f  o^wl,  likewise  a  delicious  breakfast  food  for  man,  and  the  area  in  which 
it  is  extensively  grown  should  be  extended.  It  will  grow  luxuriantly 
in  either  warm  or  cold  water;  furthermore,  it  can  be  grown  success- 
fully in  water  which  is  slightly  salty  to  the  taste. 

(8)  In  determining  the  vitality  of  any  sample  of  wild  rice  seed  the 
germination  tests  should  be  made  in  water — the  condition  under  which 
the  self-sown  seed  geiminates. 

(9)  The  seed  will  germinate  well  at  temperatures  ranging  from 
15^  to  30^  C.  The  maximum  temperature  of  germination  is  above 
35^  C.  (95^  F.),  but  better  results  are  obtained  at  lower  temperatures. 


BESCBIFTIOK  OF  PLATES  I  AND  n. 

Plate  I.  Wild  rice  growing  in  water.  This  seed  was  submerged  at  a  tempemtTune  of 
32-34°  F.  for  approximately  thirteen  months.  In  making  the  germination  te^ 
the  seed  was  covered  with  water  and  placed  in  a  germinating  chamber  main- 
tained at  a  temperature  of  20°  0.  (68°  F. )  for  eighteen  hours,  and  at  30°  C. 
(86°  F. )  for  six  hours.  After  the  majority  of  the  seeds  had  germinated  the  dish 
was  transferred  to  the  worktable  of  the  Seed  Laboratory. 

Plate  II.  Progressive  stages  in  the  development  of  wild  rice  seedlings;  /  and  ^,  seed- 
lings showing  the  relative  position  of  the  growing  seedlings  and  the  parent  eeed. 
which  take  a  position  at  right  angles  to  each  other  when  grown  normally  in 
water.    (Natural  size.) 
14 
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Stages  of  Germination  of  Wild  Rice.  Showing  the  Development  of  the 
Root  System  and  the  Relative  Position  of  the  Seedling  and  the 
Parent  Seed.    Natural  Size. 
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II -THE  CROWN-GALL  AND  HAIRY-ROOT  DISEASES 

OF  THE  APPLE  TREE. 

By  Ueorgk  CJ.  HEiKiCOCK,  Assistant  in  Pathology^  Vegetable  Pathological  and 

Physiological  Investigations, 


INTBOBUCTION. 

The  diseases  of  the  apple  which  have  been  classed  under  the  name 
crown-gall  have,  during  the  last  few  years,  attracted  much  attention, 
due  partl}^  to  an  increase  of  these  diseases  and  partly  to  the  enacting 
of  more  stringent  State  laws  governing  the  shipment  and  inspection  of 
trees. 

A  series  of  investigations  into  the  nature  of  crown-gall  upon  the 
apple,  pear,  raspberry,  peach,  almond,  gi'ape,  rose,  and  other  plants 
has  been  in  progress  for  some  time  in  the  Mississippi  Valle}^  I^abora- 
tory  of  the  Bureau  of  Plant  Industry  at  St.  Louis,  Mo.,  and  also  at 
other  points  in  the  Mississippi  Valley.  It  is  not  to  be  assumed,  how- 
ever, that  such  diseases  are  more  common  in  this  locality  than  in  some 
other  portions  of  the  United  States.  Apple  crown-gall  and  haii^y-root 
have  been  found  in  all  nurseries  that  have  been  examined  in  various 
portions  of  the  country. 

This  preliminary  report  is  sent  out,  not  with  the  intention  of  giving 
the  results  of  all  our  investigations,  but  for  the  purpose  of  calling  the 
attention  of  apple-tree  growers  to  the  different  diseases  hitherto  known 
as  apple  crown-gall,  and  to  endeavor  to  interest  them  in  the  collection 
of  data  regarding  the  predisposition  of  varieties  to  these  diseases. 

TWO  DISTINCT  DISEASES,  CROWN-GALL  AND  HADEtT-BOOT. 

Our  investigations  have  resulted  first  in  separating  apple  crown-gall 
into  two  diseases,  which  are  considered  distinct.  The  disease  now 
designated  as  crown-gall  is  a  callous-like  gall  growth  of  hypertrophied 
tissue  following  wounds  on  some  portion  of  the  root  system  of  the 
tree,  which  rarely  occurs  above  the  ground  on  parts  of  the  trunk  or 
limbs.     (See  PI.  Ill,  figs.  1  and  2.) 

The  maladv  now  called  the  hairy-root  disease  is  evidentlv  the  same 

%/  %^  w 

as  the  one  first  given  this  name  by  Stewart,  Rolfs,  and  Hall  in  Bulletin 
191  of  the  New  York  State  Experiment  Station.  It  is  cliaracterized 
both  in  seedlings  (PI.  IV,  fig.  1,  and  PI.  V,  tig.  "2)  and  in  grafted  or 
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budded  trees  (PI.  Ill,  figs.  3  and  4)  by  a  stunted  root  sj^stem,  aceoni- 
panied  with  an  excessive  production  of  small  fibrous  roots,  oftea  origi- 
nating in  clusters  from  the  main  root,  or  taproot.  Galls  often  occur 
in  connection  with  hairy-root,  but  these  are  a  result  of  wounds  I'Hther 
than  a  form  of  this  disease.  Seedlings  of  the  hairy-root  type,  unless 
wounded,  remain  free  from  galls. 

TYPES  OF  APPLE  CBOWN-GALL. 

Apple  crown-gall  is  of  two  types.  A  hard  callous  form  is  common 
on  grafted  trees  at  the  union  of  the  root  and  scion,  and  at  any  other 
point  of  the  root  system  where  wounds  occur  in  either  the  cultivation 
or  transplanting  of  trees  (PI.  Ill,  fig.  1).  The  results  of  extensive 
inoculations  with  this  type  have  failed  to  prove  that  this  disease  is  of 
a  contagious  nature. 

A  second  type  is  a  soft  form  more  common  on  seedlings  (PL  IV. 
fig.  2),  occurring  more  rarely  on  grafted  trees  (PI.  Ill,  fig.  2).  These 
softer  galls  resemble  those  of  the  raspberry'  and  peach,  in  that  they 
are  soft  and  often  rot  off".  It  is  not  certain,  however,  that  the}^  like 
the  latter,  are  replaced  the  following  year  by  a  new  gall  growth  from 
the  adjacent  live  tissues  of  the  host,  nor  is  there  proof  yet  that  they 
are  of  a  contagious  nature. 

EFFECT  UPON  THE  LENGTH  OF  LIFE  OF  THE  APPLE  TREE. 

Careful  data  are  being  collected  from  orchards  and  nurseries  as  to 
the  effect  of  these  diseases  upon  the  life  and  fruitfulness  of  trees. 
Any  information  as  to  the  locality  of  orchards  in  which  diseased  trees 
have  been  planted  will  be  highlv  appreciated.  In  our  crown-gall 
orchard  there  are  more  than  200  trees  diseased  with  the  hard  type  of 
crow^n-gall,  and  200  health}^  trees  of  the  same  grade  planted  under 
similar  conditions.  After  two  years'  growth  six  of  the  crown-gall 
trees  and  nine  of  the  healthv  ones  have  died.  No  difference  in  the 
growth  of  the  trees  is  noticeable.  However,  it  can  not  be  assumed 
from  the  results  so  far  that,  on  the  one  hand,  the  disease  mav  not  vet 
shorten  the  life  of  the  trees,  or,  on  the  other,  that  the  trees  may  not 
entirely  overcome  its  effects.  A  tree  having  crown-gall  on  its  roots, 
however,  can  never  be  correctly  graded  with  a  smooth-rooted  tree. 
The  root  system  of  a  healthy  fibrous-rooted  apple  tree  is  shown  in 
Plate  V,  figure  1. 

SUOGESTIONS  TO  NUBSEBTMEN. 

Nurserymen  are  advised  to  be  careful  in  the  selection  of  seedlinj^s 
for  grafting  and  budding.  All  rough,  w^artv,  or  galled  seedlings 
should  be  thrown  out,  for  most  of  them  will  form  rough- rooted  trees. 
Seedlings  with  tufted  or  hairy  roots  should  also  be  rejected,  for  these. 
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shown  by  our  experiment-s,  develop  into  hairy-rooted  trees  with  a 
-very  deficient  root  s\'stem.  The  hairy-root  disease,  as  it  appears  from 
ttie  results  of  two  years'  experiments,  is  not  contagious.  It  is  hoped 
ill  the  near  future  to  be  able  to  offer  some  practical  means  of  reducing 
t:l:ie  percentage  of  trees  affected  with  these  diseases  in  the  nursery. 

DATA  DESIRED. 

The  hearty  cooperation  of  nurserymen  and  orchardists  in  securing 
data  is  desired.  It  is  hoped  to  secure  the  help  of  the  leading  nursery- 
men of  this  countrj'  in  getting  an  accumte  count  from  each  nursery 
of  the  number  of  diseased  trees  in  at  least  one  row  of  every  variety 
in  all  fields  where  the  trees  are  all  dug  in  one  season.  Such  data  are 
desired  from  every  locality  where  apple  trees  are  grown.  Printed 
l>lanks  with  directions  for  tabulating  such  data  have  been  provided 
and  these  will  be  sent  to  all  who  request  them.  Address  the  Missis- 
i^ippi  Valley  Laborator}',  St.  Louis,  Mo. 


B.   P.  1.— 189. 

m.-PEPPERMINT." 

By  Alice  Henkbl,  Amgtant^  Drug-Plant  InventigcUltms. 


DESGBIPTION. 


One  of  the  most  important  essential  oils  produced  in  the  United 
States  is  distilled  from  the  peppermint  plant  and  its  varieties.'  The 
three  kinds  of  mint  grown  in  this  country  for  the  distillation  of  pep- 
permint oil  are  the  so-called  American  mint  {Mentha  piperita  L.), 
the  black  mint  {Mentha  piperita  ndr/aris  Sole),  and  the  white  mint 
(Jlentha  piperita  o'fficinalis  Sole),  the  two  last  named  being  varieties 
of  the  American  mint. 

The  American  mint,  although  introduced  from  England  many 
years  ago,  is  so  called  from  the  fact  that  it  has  long  been  cultivated 
in  this  country,  and  the  name  '"•  State  mint ''  has  been  applied  to  it  in 
the  State  of  New  York  for  the  same  reason. 

The  peppermint,  or  American  mint,  is  now  naturalized  in  many 
parts  of  the  eastern  United  States,  occurring  in  wet  soil  from  the  New 
England  States  to  Minnesota,  south  to  Florida  and  Tennessee.  It  is 
an  aromatic  perennial  belonging  to  the  mint  family  (Menthaceae), 
and  propagates  by  means  of  its  long,  running  roots  (fig.  1).  The 
smooth,  square  stems  are  erect  and  branching,  from  1  to  3  feet  in 
height,  bearing  dark-green,  lance-shaped  leaves,  which  are  from  1  to 
2  inches  long,  and  from  one-lialf  to  1  inch  wide.  The  leaves  are 
pointed  at  the  apex,  rounded  or  narrowed  at  the  base,  sharply 
toothed,  smooth  on  both  sides,  or  with  hairy  veins  on  the  lower  sur- 
face. The  flowers  are  borne  in  whorls  in  dense,  terminal  spikes :  they 
are  purplish,  with  a  tubular,  five-toothed  calyx,  and  a  four-lobed 
corolla.     (Fig.  2.) 

oin  response  to  a  steady  demand  for  information  relating?  to  tlie  i)epi)erniint 
industry.  Miss  Alice  Henkel,  Assistant  in  Drug-Plant  Investigations,  has  l)een 
requested  to  bring  together  the  most  imiJortant  facts  regarding  the  history, 
culture,  and  utilization  of  the  peppermint  plant.  The  information  here  pre- 
sented has  l)een  obtained  in  large  part  from  sc^ittered  articles  on  the  snbject. 
and  in  part  from  exi>erience  with  the  plant  in  tlie  Testing  Gardens  of  tlie  Depart- 
ment of  Agriculture. 

Rodney  H.  Trxje,  Physiologist  in  Charge. 

Office  of  Druo-Plant  Investigations. 

Washington.  D.  C,  Ociohrr  IJ,,  190.',, 
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Pio.  1.— Pepiwrmint  "runners,"  showing  method  of 

propagation. 


The  two  varieties  mentioned  are  closely  related  botanically,  al- 
though in  general  appear- 
ance they  are  quite  differ- 
ent. The  variety  known 
as  black  mint  {Mentfta 
piperita  vulgaris)  has  pur- 
ple stems  and  sligrhtly 
toothed,  dark-green  leave-, 
while  the  white  mint 
{Mentha  piperita  o-ffifi- 
nali^)  has  green  steins, 
with  brighter  green  leaves, 
w^hich  are  more  lanoe- 
shaped  and  more  deeply 
toothed.  Black  mint  is  much  more  hardy  and  productive  than  either 
the  American  mint  or  the  white  mint, 
and  is  gi'own  on  nearly  all  pepper- 
mint farms  in  this  country.  The  white 
mint,  which  produces  a  fine  grade 
of  oil,  is  rarely  cultivated  on  a  com- 
mercial scale  in  this  country  on  ac- 
count of  its  inabilitv  to  withstand  the 
climate  and  its  smaller  yield  of  essen- 
tial  oil. 

The  oils  spoken  of  as  Japanese  and 
Chinese  *'  peppermint  *'  oils  are  not  ob- 
tained from  the  true  peppermint  plant, 
but  are  distilled  from  entirely  different 
species,  namely,  Mentha  arrenHis  plper- 
ascem  Malinvaud  and  Mentha  avrennlH 
glahrata  Holmes,  respective!}'. 

couirrBiEs  where  grown. 

The  most  important  peppermint- 
producing  countries  are  the  United 
States,  England,  and  Japan.  Pepper- 
mint is  grown  on  a  smaller  scale  in 
Germany,  France,  Italy,  Russia,  China, 
and  southern  India. 

In  Japan,  peppermint  cultivation 
is  said  to  have  been  undertaken 
before   the   Christian  era.     The   plant 

grown       there       is       not,       as       already     ^^«    ^.-Leaves  and  flowering  top  of 

stated,    the   peppermint    cultivated    in  peppermm . 

our  country,  but  Mentha  arrensin  pipeiriscenH^  which  is  entirely  dis- 
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tiiict  from  the  true  peppermint,  not  only  botanically  but  also  in  taste 
and  odor. 

Peppermint  is  cultivated  on  many  drug  farms  in  England,  espe- 
cially at  Mitcham,  the  middle  of  the  eighteenth  century  marking  the 
beginning  of  peppermint  cultivation  in  that  country.  Up  to  1805. 
however,  tliere  were  no  stills  at  Mitcham,  and  the  crops  obtained 
there  were  sent  to  London  for  distillation.  About  1850,  at  which 
time  the  peppermint  industry  in  England  was  at  its  height,  the  effect 
of  American  competition  began  to  he  felt,  and  caused  a  decided 
check  in  the  production. 

PEPPERMINT  CXTIiTIVATION  IN  THE  UNITED  STATES. 

AVavne  Countv,  N.  Y.,  in  181(),  was  the  first  localitv  in  this  countrv 
to  distill  peppermint  on  a  commercial  scale.  The  supply  of  root- 
stocks  was  obtained  from  the  wild  plants  found  gi'owing  along  the 
banks  of  streams  and  brooks.  Adjacent  counties  soon  undertook  the 
cultivation  of  peppermint,  but  AA'^ayne  County  was  then,  and  is  now, 
the  principal  peppermint  district  in  New  York. 

The  cultivation  of  peppermint  was  extended  to  Ashtabula,  (leauga, 
and  Cuyahoga  counties  in  Ohio,  and  also  to  noi*thern  Lidiana.  Roots 
were  taken  from  Ohio  into  St.  Joseph  County,  Mich.,  the  first  plan- 
tation being  made  on  Pigeon  prairie  in  1835.  Other  plantations  in 
St.  Joseph  County  were  established  the  following  years,  and  adjoin- 
ing counties  soon  t(K>k  up  the  cultivation  of  pepix»rmint,  and  south- 
western Michigan  has  been  for  thirty-five  years  or  more  the  greatest 
peppermint-producing  section  in  the  United  States. 

About  1844  an  interesting  peppermint-oil  monopoly  «  was  under- 
taken by  a  New  York  firm,  which  seems  to  have  put  an  end  to  pepper- 
mint cultivation  in  Ohio,  for  none  of  the  counties  just  mentioned 
has  since  been  heard  from  as  a  peppermint-producing  section. 

The  first  step  taken  by  this  New  York  firm  in  its  efforts  to  con- 
trol the  peppermint-oil  market  was  to  send  a  represtnitative  to 
Ijiverp(K)l,  England,  to  ascertain  the  amount  annually  denumded  by 
that  nuirket,  which  was  found  to  be  about  12,000  pounds.  This  done, 
another  agent  was  sent  AVest  to  determine  the  amount  produced  annu- 
allv,  with  the  result  that  it  was  found  that  the  farms  in  New  York 
did  not  produce  enough  oil  for  their  purposes,  the  plantations  in 
Ohio  too  much,  while  those  in  Michigan  seemed  to  produce  just  about 
the  right  amount  to  satisfy  the  Liverpool  demand.  A  contract  was 
then  entered  into  by  this  agent  with  the  producers  in  New  York  and 
Ohio  '•  whereby  he  bound  them  under  heavy  penalties  to  plow  up 
their  mint  fields  and  destroy  the  roots,  and  not  plant  any  more  mint, 
or  sell  or  give  away  any  roots,  or  produce  or  sell  any  mint  oil  for  the 

a  rroc.  Ainer.  rharni.  Assoc.  7 :  44D-4r)0  (1858). 
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period  of  five  years."  For  this  wholesale  dastruction  of  their  mint 
fields  the  producers  received  a  boniLs  of  $1.50  per  acre.  Next  a  con- 
tract was  made  by  the  agent  with  the  producers  of  St.  Joseph  County. 
Mich.,  agreeing  to  pay  them  $2.50  a  jjound  for  their  mint  oil,  everj- 
ounce  of  the  mint  oil  to  l>e  delivered  for  a  period  of  five  years  to  th« 
agents  named  in  the  contract.  They  also  were  prohibited  during 
this  period  from  extending  their  plantations  and  from  selling  roots 
to  anyone.  The  producers  held  to  these  contracts  for  about  three 
3'ears,  after  which  period  the  New  York  firm  was  not  so  anxious  to 
enforce  them,  having,  in  the  meantime,  acquired  a  large  fortune 
through  its  peppermint-oil  monopoly. 

Since  that  period  the  area  devoted  to  peppermint  cultivation  in 
Michigan  has  steadily  increased,  and  northern  Indiana,  with  its  prin- 
cipal centers  of  production  in  St.  Joseph,  Steuben,  and  La  Grange 
counties,  continues  to  place  on  the  market  a  considerable  quantity  of 
oil.     Ohio  seems  to  have  abandoned  peppermint  cultivation,  at  least 

on  a  commercial  scale,  and  New  York,  for  a  number  of  vears  and  initil 

« 

very  recently,  had  greatly  reduced  the  area  under  peppermint,  thou- 
sands of  acres  formerly  devoted  to  this  crop  having  b<^n  given  over 
to  sugar  beets,  onions,  and  celery.  In  1889  Wayne  County,  X.  Y., 
had  3,8*25  acres  of  peppermint,  whereas  in  1899  there  were  only  300 
acres.     In  1905,  about  938  acres  were  under  cultivation. 

Special  canvassers  appointed  by  the  State  of  Michigan «  made  a 
canvass  of  299  growers  in  the  j^eppermint  district  in  that  State,  cover- 
ing 39  townships  in  nine  counties  (Allegan,  Berrien,  Branch,  Cass. 
Kalamazoo,  Oakland,  St.  Joseph,  St.  Clair,  and  Van  Buren),  and 
the  total  number  of  acres  under  peppermint  cultivation,  the  nunil>er 
of  pounds  of  oil  distilled,  and  the  average  number  of  pounds  per  acre, 
as  ascertained  by  this  canvass,  for  the  years  1900,  1901,  and  190-2,  are 
as  follows: 


Items. 


1900. 


1901.     '     1902. 


I 


Total  number  of  acres  flrrown 2,n2  I       2,782*        6«400| 

Total  number  of  pounds  distilled 47^i;     «3,718}       K3,4SH 

Average  number  of  pounds  per  acre 28.5  1         23.9:         12,8 


CUIiTIVATION. 

Peppermint  cultivation  is  most  profitable  on  muck  lands,  such  as 
are  now  used  in  Michigan  for  this  crop  and  for  celery  and  cranberry 
culture.  These  muck  lands  were  formerly  marshes  and  swamps^ 
which  have  been  reclaimed  by  draining,  plowing,  and  cultivating, 
ihe  swamp  vegetation  having  Ix^n  thus  subdued,  and  the  decayed 

«  Tweiitietli  Annual  Reiwrt  of  tbe  Bureau  of  Ljibor  of  the  State  of  Michigan, 
1003.  pp.  4:iH-447. 
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vegetable  matter  resulting  in  a  very  black  soil  which  is  most  admir- 
ably adapted  to  mint  cultivation.  Formerly  peppermint  was  grown 
exclusively  on  upland  soil  in  Michigan,  but  it  is  a  very  exhausting 
crop  on  such  land.  Only  two  crops  can  be  obtained  from  upland 
plantations,  and  after  the  second  year's  harvest  the  land  is  plowed  and 
a  rotation  of  clover,  corn,  etc.,  is  practiced  for  five  years  before  pep- 
permint is  again  planted.  But  on  the  rich  muck  land  peppermint 
can  be  grown  year  after  year  for  six  or  seven  years,  the  land  being 
I>lowed  up  after  each  crop  is  harvested,  and  the  runners  turned  under 
to  form  a  new  growth  the  succeeding  year.  The  ground  is  harrowed 
in  autumn  and  again  in  spring,  and  carefully  weeded.  Peppermint 
-will  grow,  however,  on  any  land  that  will  produce  good  crops  of  corn, 
the  ground  l^eing  prepared  by  deep  plowing  and  harrowing. 

In  Michigan**  the  land  is  plowed  in  the  autumn,  and  early  in  spring 
it  is  harrowed  and  marked  with  furrows  about  3  feet  apart.  The 
roots  selected  for  planting  are  from  one-eighth  to  one-quarter  of  an 
inch  thick,  and  from  1  to  3  feet  long;  and  the  workmen  engaged  in 
"  setting  mint,"  as  the  process  is  called,  carry  these  roots  in  sacks 
across  their  shoulders  and  place  them  in  the  furrows  by  hand,  cover- 
ing the  roots  with  one  foot  and  stepping  on  them  with  the  other. 
The  roots  are  planted  so  close  together  in  the  furrow  as  to  form  a 
continuous  line.     An  expert  workman  can  plant  about  an  acre  in 

a  dav. 

In  about  two  weeks  the  young  plants  will  make  their  appearance, 
and  are  carefully  hoed  and  cultivated  until  July  and  August,  when 
the  plants  have  usually  sent  out  so  many  runners  as  to  make  further 
cultivation  difficult.  The  crop  is  cultivated  with  horse  cultivators, 
but  if  the  land  was  very  weedy  in  the  first  place,  the  weeds  will 
have  to  be  pulled  by  hand.  It  is  very  necessary  that  the  land  be  free 
from  weeds,  as  any  collected  with  the  peppermint  crop  will  seriously 
injure  the  quality  of  the  oil. 

It  may  be  interesting  to  note  here  that  on  muck  lands,  when 
necessary,  the  horses  are  usually  provided  with  mud  shoes  to  prevent 
their  sinking  into  the  soft,  wet  ground,  these  mud  shoes  consisting 
of  wide  pieces  of  iron  or  wood  about  9  by  10  inches,  fastened  to  the 
hoofs  and  ordinary  shoes  by  means  of  bolts  and  straps. 

CONDITIONS   INJURIOUS   TO   CROP. 

Cold  and  wet  weather  or  extremely  dry  periods  have  a  very  unfa- 
vorable effect  on  the  mint  crop.  Insect  enemies  also  tend  to  cut  down 
the  mint  harvest — ^grasshoppers,  crickets,  and  cutworms  sometimes 
doing  considerable  damage.     A  rust,  causing  the  foliage  to  drop  off 

o  Twentieth  Annual  Report  of  the  Bureau  of  Labor  of  the  State  of  Michigan, 
1903,  pp.  438-447. 
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and  leaving  the  stems  almost  bare,  is  apt  to  follow  if  very  moist 
weather  occurs  toward  the  latter  part  of  the  season.  Weeds  are 
especially  to  be  avoided  in  a  mint  field,  since,  as  stated,  the  quality 
of  the  oil  will  be  seriously  impaired  if  these  are  harvested  with  the 
peppermint.  The  weeds  generally  found  in  a  peppermint  field  are 
Canada  fleabane  {Leptilon  canadenae)^  fireweed  {Erechtites  hieraci- 
folia)^  giant  ragweed  {Ambrosia  trifida)^  pennyroyal  (Hedeoma 
pulegioides)  J  Eaton's  grass  {Eatonia  pennsylvanica)  y  June  grass 
{Poa  pratensis)^  and  other  low  grasses. 

HABVESTINa  AND  DISTILLATIOK. 

The  first  crop  of  mint  is  harvested  in  the  latter  part  of  August, 
when  the  plants  are  in  full  flower,  and  the  gathering  continues  until 
about  the  middle  of  September,  the  stills  running  night  and  day 
until  all  the  mint  is  disposed  of.  The  first  crop  is  usually  cut  with  a 
scythe,  as  mowing  machines  do  not  work  well  on  soft  cultivated  land. 
The  succeeding  crops  are  cut  with  a  mowing  machine  or  sweep-rake 
reaper.  The  highest  yield  per  acre  and  the  best  quality  of  oil  are 
obtained  from  the  first  year's  crop.  Sometimes,  if  the  weather  con- 
ditions have  been  very  favorable,  a  second  cutting  is  made.  The 
yield  of  oil  from  peppermint  obtained  from  the  same  field  sometimes 
varies  very  much,  the  condition  of  the  atmosphere  seeming  to  exert 
an  influence  upon  it,  as  it  is  said  that  mint  cut  after  a  warm  and 
humid  night  will  yield  more  oil  than  that  cut  after  a  cool  and  dry 
night.  It  requires  about  330  pounds  of  dried  peppermint  to  produce 
1  pound  of  oil,  and  the  yield  of  oil  from  an  acre  ranges  from  12  to  50 
pounds. 

If  the  mint  crop  has  been  grown  on  muck  land,  all  that  is  necessary 
after  the  crop  has  been  harvested  is  to  plow  up  the  land  and  turn  the 
runners  under  for  a  new  crop.  If  grown  on  upland,  after  the  second 
year's  crop  is  in,  or,  at  the  most,  after  the  third  year's  harvest,  the  land 
is  plowed  and  then  given  up  to  other  crops.  Peppermint  exhausts 
the  land,  and  it  is  necessary  to  practice  rotation  of  crops  for  about  five 
years  in  order  to  put  the  land  in  condition  if  it  is  desired  to  use  it 
again  for  peppermint  cultivation. 

After  the  plants  are  cut  they  are  usually  placed  in  windrows  until 
they  are  dried,  but  are  not  allowed  to  become  so  dry  as  to  permit  the 
leaves  to  shatter  off,  and  are  then  taken  to  the  distillery.  Some  grow- 
ers believe  that  if  the  plants  are  allowed  to  dry  there  will  be  a  smaller 
oil  content  owing  to  the  escaj^e  of  some  of  the  oil  into  the  atmosphere, 
and  so  have  the  plants  brought  to  the  distillery  in  the  green  state; 
but  Mr.  A.  M.  Todd  *»  is  of  the  opinion  that  no  loss  of  oil  will  result 
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from  drying,  his  experiments  along  this  line  showing  that  the  dry 
plants  can  be  distilled  three  times  as  rapidly  as  the  green  plants,  and 
that  a  larger  quantity  of  oil  may  be  obtained.    He  states  that — 

To  obtain  the  beat  results,  both  as  to  quality  of  essential  oil  and  economy  of 
transportation  and  distillation,  the  plants  should  be  dried  as  thoroughly  as  pos- 
sible without  endangering  the  loss  of  the  leaves  In  handling.  Distillation 
should  then  take  place  as  soon  as  convenient  to  prevent  the  oxidation  of  the  oil 
in  the  leaf  by  atmospheric  action. 

The  smaller  producers,  who  have  no  stills  of  their  own,  have  their 
mint  crop  hauled  to  the  nearest  peppermint  distillery,  where  it  is 
distilled  for  them  at  a  cost  of  25  cents  per  pound  of  oil. 

DESGBIFTION  OF  STIIiL. 

The  apparatus  used  in  peppermint  distillation  in  the  early  years 
of  the  industry  in  this  country  consisted  of  a  copper  kettle,  from 
the  top  of  which  a  pipe  connected  with  a  condensing  "  worm." 
Water  was  placed  in  the  kettle  and  the  plants  were  immei'sed  in  it, 
and  direct  heat  was  applied  to  the  bottom  from  a  furnace*.  AVith 
such  a  still  only  about  15  pounds  of  oil  could  be  obtained  from  a 
charge.  In  1846,  large  wooden  vats  were  substituted  for  the  copper 
kettles,  and  the  plants  were  distilled  by  steam  passing  through  them. 
The  kettle  formerly  used  as  the  still  was  now  employed  to  generate 
steam,  a  long  pipe  conveying  the  steam  to  the  bottom  of  the  vats. 
With  this  method  of  di.stillation  from  75  to  100  pounds  of  oil  could 
be  obtained  from  a  charge  without  much  additional  expense. 

A  modern  peppermint  still  (fig.  3)  may  be  briefly  described  as  fol- 
lows: The  apparatus  required  consists  of  a  boiler,  a  pair  of  large 
circular  wooden  vats,  a  condenser,  and  a  receiver.  The  boiler,  of 
course,  is  used  for  the  generation  of  steam. 

Two  wooden  vats  are  used  in  order  that  they  may  be  filled  and 
emptied  alternately.  These  vats  are  about  6  feet  high  and  about 
5  feet  in  diameter,  with  tight-fitting  removable  covers  and  perfo- 
rated false  bottoms.  Steam  pipes  are  led  from  the  boiler  into  the 
bottom  of  the  vats. 

The  condenser  consists  of  a  series  of  pipes  of  block  tin,  either 
immersed  in  tanks  of  cold  water  or  over  which  cold  water  is  kept 
running,  the  condenser  being  connected  with  the  top  of  the  dis- 
tilling vats.  The  condensed  steam,  together  with  the  oil,  flows  into 
a  metallic  receiver,  in  which  the  oil,  being  lighter  than  the  water, 
rises  to  the  top  and  can  be  drawn  off. 

The  perforated  false  bottoms  with  which  the  vats  are  supplied 
permit  the  passage  of  steam.  A  strong  iron  hoop  is  placed  about 
this  false  bottom,  and  two  pairs  of  stout  chains,  which  meet  at  the  top 
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of  the  vat  in  a  pair  of  rings,  are  attached  to  it.  After  the  charge 
has  been  distilled  it  is  drawn  from  the  vats  by  means  of  this  arrange- 
ment. 

The  plants  are  thrown  into  the  vats  and  are  closely  packed  by  two 
or  three  men  tramping  upon  them,  and  as  the  vat  becomes  about 
one-third  full  the  packing  is  still  further  assisted  by  turning  in  « 
small  supply  of  steam,  which  softens  the  plants.  \\'heii  the  vat  Ls 
filled  the  tight  cover  is  replaced  and  a  full  head  of  steam  turned  on. 
In  the  largest  distilleries  the  vats  have  a  capacity  of  from  2.000  to 
3,000  pounds  of  dried  plants  each. 


Fio.  3. — Peppermint  BtiU.  (After  Dewey,  la  Bailey's  Cj'clo|)edla  at  AmerI<»D 
Horticulture.) 
A,  boiler ;  B,  steam  pipes  leadlni;  to  vats ;  C,  valves  Tor  shuttlDg  off  steam ;  D,  mint 
packed  Id  vat  ready  for  dl«(lll1na:  E.  mlot  lielng  lowered  Into  vat:  F,  tlght-fltllnK  cover 
used  nitprnstely  tor  I>ot1i  vats :  (/,  pipe  trom  top  of  vat.  joined  at  JI  so  an  lo  swlnjc  (o 
other  vat ;  J,  perforated  pipe,  from  wlilch  cold  water  drops  over  condcoBlDg  tubes ;  E, 
supply  pipe  (or  cold  water:  J/,  coodenslni;  pipes:  V.  outlet  (or  condeosed  oil  and  water: 
0  and  P,  water  and  oil  In  separallng  cao ;  R,  outlet  (or  water;  8,  floor  o(  dlstllllnt;  room. 

Large  tanks  are  used  for  storing  the  oil,  and  cans  holding  20 
pounds  each  are  employed  for  shipping,  tliree  of  these  cans  being 
placetl  in  a  wooden  cast;. 

The  peppermint  hay  which  remains  after  distillation  is  used  as  a 
fertilizer  or  is  fed  to  stock. 

PEFPEBunrr  on.  ahs  kenthol. 

Peppermint  leaves  and  flowering  tops  are  official  in  the  Eighth 
Decennial  Revision  of  the  United  States  Pharmacopceia.  as  are  like- 
wise the  following  products  and  preparations  derived  from  these 
parts :  Oil  of  peppermint,  menthol,  spirit  of  peppermint,  and  peppw- 
mint  watfir. 
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The  United  States  Pharmacopoeia  describes  oil  of  peppermint  as 
'^  a  colorless  liquid,  having  the  characteristic  strong  odor  of  pepper- 
mint and  a  strongly  aromatic  pungent  taste,  followed  by  a  sensation 
of  cold  when  air  is  drawn  into  the  mouth."  It  is  largely  used  in  medi- 
cine, internally  as  a  stimulant  and  carminative,  and  externally  to 
relieve  neuralgic  and  rheumatic  conditions.  It  is  also  used  for  flavor- 
ing and  scenting  confectionery,  cordials,  and  cosmetics.  There  is  a 
slight  difference  in  the  odor  of  white  and  black  peppermint  oil,  the 
black  being  more  pungent  and  less  agreeable  in  fragrance  than  the 
white,  which  has  a  much  finer  odor,  but,  as  already  indicated,  the 
white  mint  is  less  hardy  than  the  black  and  yields  a  smaller  quantity 
of  oil. 

The  Japanese  oil  of  peppermint,  which,  as  pointed  out  elsewhere  in 
these  pages,  is  obtained  from  a  different  species  of  mint  than  that 
Avhich  produces  the  true  oil  of  peppermint,  is  very  inferior  to  the  last 
named.  It  has  a  very  unpleasant  odor  and  a  bitter,  disagreeable 
taste,  but  it  is  a  heavy  oil  and  contains  a  higher  percentage  of  menthol 
and,  being  a  very  much  cheaper  oil,  it  is  liable  to  be  used  as  an  adul- 
terant of  true  peppermint  oil. 

Menthol,  formerly  known  as  peppermint  camphor,  is  the  solid  con- 
stituent of  oil  of  peppermint,  obtained  by  subjecting  the  distilled  oil 
to  an  exceedingly  low  temperature  by  means  of  a  freezing  mixture. 
Its  properties  are  about  the  same  as  those  of  oil  of  peppermint,  only 
somewhat  intensified.  It  is  very  largely  made  up  into  cones  or  pencils, 
which  furnish  a  popular  remedy,  to  be  applied  externally  or  inhaled, 
for  the  relief  of  headache,  neuralgia,  catarrh,  asthma,  and  kindred 
affections.  It  is  also  largely  employed  in  other  forms  of  medication. 
The  name  "  pipmenthol ''  has  been  applied  to  the  menthol  obtained 
from  the  American  oil,  to  distinguish  it  from  the  Japanese  menthol. 
Pipmenthol  is  said  to  have  a  distinct  odor  of  peppermint,  while  the 
Japanese  menthol  has  but  a  slight  peppermint  odor. 

EXPORT  OF  PEPPERMINT  OIL. 

The  exports  of  peppermint  oil  during  the  fiscal  year  ended  June  30, 
1904,  amounted  to  42,989  i)ounds,  valued  at  $124,728.  Germany  and 
the  United  Kingdom  were  the  largest  consumers,  the  former  receiving 
22,372  pounds,  valued  at  $65,505,  and  the  latter  11,558  pounds,  worth 
$31,798. 

The  following  tables  show  the  export  of  peppermint  oil,  by  coun- 
tries, for  the  fiscal  year  ended  June  30,  1904,  and  the  quantities  and 
values  of  peppermint  oil  exported  for  a  period  of  ten  years,  from 
July  1, 1894,  to  June  30, 1904,  inclusive : 
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Exports  of  peppermint  oil,  by  countries,  for  the  fiscal  year  ended  June  SO,  190^^ 


Country. 


Belgium 

France  

Oermany 

Italy 

Ketberlanda 

United  Kingdom 

Dominion  of  Canada: 

Nova  Bcotia,  New  Bmnswick,  etc 

Quebec,  Ontario,  Manitoba,  etc . . . 

Newfoundland  and  Labrador 

West  Indies: 

British 

Cuba 

Danish 

Dutch 

Anrentina 

Bruish  Guiana 

Peru 

British  Australasia 

Total 


Quan- 
tity. 

Value. 

Pounds, 

473 

|1,585 
10,068 

3,054 

22,372 

65,905 

826 

2,471 

SBO 

1,994 

11,568 

31,798 

86 

234 

1,165 

3,906 

»4 

204 

183 

700 

29 

9i 

17 

55 

20 

61 

1,237 

8,504 

10 

81 

dO 

173 

1,178 

a  019 

42,909 


124,788 


"The   ForelsTD   Commerce  and   Navigation   of  the  United  States  for  the  year   ending 
June  30,  1904,  vol.  1,  p.  531,  Bureau  of  Statistics,  Department  of  Commerce  and  Labor. 

Quantities  and  values  of  peppermint  oil  exported  during  the  fiscal  years  JH95 

to  190 it,  inclusive.<^ 


Fiscal  year. 


1886 
1896 
1897 
180H 
1889 


Quan- 
tity. 

Value. 

Pounds. 

87.688 

86.290 

162,402 

145,376 

117,462 

1194,616 
174,810 
257,484 
180,811 
118,227 

Fiscal  year. 


1900 
1901 
1902 
1903 
1904 


Quan- 
tity. 

Pounds. 
89,658 
60,166 
86,801 
13,083 
42,989 


Value. 


$90,  aw 

64,896 

34,943 

124,728 


•  From  The  Foreign  Commerce  and  Navigation  of  the  United  States  for  the  year  ending 
June  30,  1002,  vol.  2,  p.  309,  Bureau  of  Statistics,  Treasury  Department ;  and  The 
Foreign  Commerce  and  Navigation  of  the  United  States  for  the  year  ending  June  30. 
1904t  vol.  1,  p.  192,  Bureau  of  Statistics,  Department  of  Commerce  and  Labor. 


PBIGES  OF  PEPPERBONT  OIL. 

•The  price  of  peppermint  oil  was  very  low  for  a  few  years  prior  to 
1900,  the  enormous  production  of  1897  resulting  in  a  great  drop  in 
price.  The  lowest  price  paid  for  it  was  in  1899,  when  it  brought 
only  75  cents  per  pound.  As  a  result  of  the  low  price  a  great  many 
mint  farmers  restricted  the  area  of  their  mint  plantations  or  alto- 
gether abandoned  peppermint  cultivation.  The  smaller  output  of 
the  following  seasons  again  sent  prices  up,  and  in  1902  the  oil  sold 
as  high  as  $4.75  a  pound,  which  price  was  maintained  until  early  in 
1903,  when  it  gradually  declined,  until  toward  the  end  of  that  year  it 
reached  $2.20  per  pound. 


pp:ppermint. 
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The  following  table  ^  gives  the  highest  and  lowest  prices  of  pepper- 
mint oil  in  bulk  from  1873  to  September  16, 1905 : 


Year. 

Highest. 

Lowest. 

Year. 

Highest. 

Lowest.         Year. 

Highest. 

Lowest. 

1873 

IB.  15 

13.15 

1884 

18.00 

12.50  t   1895 

$2.00 

1.85 

1.25 

.90 

$1.70 

1874 

5.25 
5.60 
3.75 

8.75 
8.20 
2.40 

1885 

1886 

1887 

4.87 
8.00 
2.75 

2.76  , 

2.75  1 
1.90 

1896 

1897 

1898 

1.20 

1M75 

.90 

1876 

.80 

1877 

8.00 

1.75 

1888 

2.40 

1.75 

1899 

.90 

.75 

1878 

2.00 

1.50 

1889 

2.80 

1.80     1900 

1.10 

.80 

1879 

2.65 

1.45 

1890 

2.40 

•1.80   ,  1901 

1.80 

1.10 

1880 

2.87 

2.00 

1891 

2.50 

2.45 

1902 

4.75 

1.70 

1881 

2.85 

2.35 

1892 

2.50 

2.15 

1908 

4.75 

2.20 

1882 

2.50 

2.25 

1898 

2.45 

2.15 

1904 

3.75 

2.65 

188;^ 

2.00 

2.20 

1894 

2.45 

1.70 

1906* 

3.45 

2.25 

•  To  September  16. 

The  good  prices  of  the  past  few  years  have  caused  many  farmers 
to  look  again  to  peppermint  as  a  profitable  crop,  as  noted  in  increased 
areas  under  cultivation  in  many  localities.  This  is  the  case  not  only 
in  Michigan  and  Indiana,  but  also  in  New  York,  where  for  many 
years  the  peppermint  industry  has  been  declining.  Thus,  if  favor- 
able conditions  of  growth  prevail,  an  increased  production  may  be 
looked  for  within  the  next  few  years,  which  will  have  the  effect  of 
again  depressing  prices. 

As  is  the  case  with  other  products  the  prices  of  which  are  subject 
to  great  fluctuations,  the  condition  of  the  market  for  peppermint  oil 
needs  to  be  closely  observed.  The  cost  of  cultivation  per  acre  has 
been  stated  at  from  $12  to  $14,  and,  with  a  charge  of  25  cents  per 
pound  of  oil  for  distillation,  the  market  price  may  easily  fall  below 
the  cost  of  production. 


« From  Oil,  Paint,  and  Drug  Reporter,  September  18,  1905,  p.  7. 
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IV -THE  POISONOUS  ACTION  OF  JOHNSON  GRASS; 

By  A.  C.  Crawford,  PkarmacologiMy  Poigonous- Plant  Investigations. 


Johnson  grass,  which  was  introduced  from  Turkey  into  this  country 
about  1830,^  has  spread  so  that  in  many  places  it  is  considered  as  a 
weed  and  pest/  Some  farmers,  however,  have  utilized  the  dried 
grass  as  hay  with  advantage,  either  alone  or  combined  with  other 
food  material,^  and  chemical  analyses  have  proved  its  value  as  feed. 
Recently  reports  have  come  to  this  oflSce  from  California  of  the  death 
of  cattle  under  such  circumstances  as  to  point  to  Johnson  grass  as  the 
causative  agept — the  cattle  dying  in  thirty  minutes  after  eating  the 
grass.  Johnson  grass  belongs  to  the  same  genus  of  the  Gramineae  as 
sorghum.  This  group  has  been  partially  investigated  chemically,  and 
it  has  been  found  that  the  fresh  green  plants  of  various  members  yield 

a  This  office  has  from  time  to  time  received  communications  from  stockmen, 

especially  in  the  lower  part.of  California,  Arizona,  and  adjacent  territory,  expressing 

a  suspicion  that  the  eating  of  Johnson  grass  had  caused  the  death  of  stock  with 

rather  sudden  and   violent  symptoms.    There  has  seemed  to  be  little  ground   in 

poisonous-plant  literature  to  support  such  an  explanation.    Last  summer,  however, 

convincing  observations  were  reported  from  California  by  a  stockman  who  had  lost 

heavily,  and  a  supply  of  the  grass  in  question  was  obtained.    The  result  of  the  study 

of  this  material  was  so  positive,  and  the  possibility  of  damage  due  to  this  unsuspected 

forage  plant  so  clear,  that  this  preliminary  notice  is  put  out  in  the  hope  of  getting 

observations  and  material  for  study  from  many  *  sources,  in  order,  if  possible,  to 

determine  the  conditions  under  which  the  poisonous  properties  are  developed  and 

over  how  wide  an  area  they  are  likely  to  appear. 

Rodney  H.  True,  Physiologist. 
Office  of  Poisonous-Plant  Investigations, 

Washington^  D.  C .,  December  11  j  1905. 

^Ball,  C.  R.  Johnson  Grass.  Bui.  No.  11,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  1902. 

^Spillman,  W.  J.  Extermination  of  Johnson  Grass.  Bui.  No.  72,  Part  III, 
Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture,  1905. 

^'North  Carolina  Agricultural  Experiment  Station,  Bui.  97,  p.  92;  Vasey,  G., 
Grasses  of  the  South,  Bui.  No.  3,  Division  of  Botany,  United  States  Department  of 
Agriculture,  1887;  Report  of  the  Commissioner  of  Agriculture  for  1881,  pp.  231,  232, 
239,  241;  Report  of  the  Secretary  of  Agriculture,  1890,  p.  381. 
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hydrocyanic  acid  as  a  result  of  the  action  of  enzymes  on  more  higfalj 
complex  bodies.** 

Ball^  in  1902  stated  that  at  that  time  there  had  been  no  offical 
reports  to  his  office  of  cases  of  poisoning  by  Johnson  grass,  but  thii 
there  were  some  newspaper  statements  to  that  effect.  He  thongfai 
these  accounts  were  probably  not  authentic,  but  stated  that  '^sxnei 
Johnson  grass  is  closely  related  to  sorghum,  which  is  known  to  b 
poisonous  under  some  circumstances,  it  would  not  be  surprising^  ii 
Johnson  grass  should  also  be  poisonous  under  like  conditions.  *  *  * 
In  comparison  with  the  great  number  of  cattle  fed  or  pastured  ii 
Johnson  grass,  the  reported  cases  of  poisoning  are  extremely  rare-'' 

The  first  report  of  the  poisonous  action  of  Johnson  grass  whid 
reached  the  Depai-tment  came  from  Miles  City,  Mont.  Mr.  Williano 
Story  reported  that  he  and  a  neighbor  had  lost  several  head  of  e&ttk 
after  they  had  eaten  small  quantities  of  the  grass,  and  that  they  had 
died  very  suddenly.  Mr.  Story  suggested  that  there  was  ^^  something 
peculiarly  poisonous  about  the  grass."  The  Commissioner  of  Agricul- 
ture in  publishing  this  report  stated  that  '^although  the  grass  has  been 
cultivated  in  the  South  for  forty  or  fifty  years,  no  similar  charges  hav€ 
been  made  against  it."^ 

In  India  this  plant  is  widely  used  as  a  fodder  for  cattle,^  and  the 
natives  make  use  of  the  seeds  for  food.  It  has  been  noted  there  thai 
deaths  in  cattle  frequently  occur  when,  on  account  of  the  failure  of 
rain,  the  plants  which  have  reached  a  certain  size  become  stunted  and 
withered.  The  toxic  principle  appears  simultaneously  over  a  wide 
area,  but  soon  disappears  if  a  minfall  occurs.*'  The  deaths  of  cattle 
have  been  attributed  by  some  to  an  insect  living  upon  the  plant,  and 
in  Australia  it  is  the  belief  that  Sorghum  vvlgare^  which  also  yields 
hydrocyanic  acid,  becomes  more  poisonous  when  attacked  by  an  insect 
during  a  drought.  A  similar  observation  has  been  made  with  Sot- 
ghara  imlgare  in  the  Sudan.  Balfour-^  found  that  one  specimen  of  the 
plant  which  harbored  aphids  yielded  more  hydix)cyanic  acid  than  s 

oDunstan,  W.  R.,  and  Henry,  T.  A.,  The  Nature  and  Origin  of  the  Poison  of  Lotos 
Arabicus,  Phil.  Trans.  Roy.  Soc.  London,  1901,  vol.  194,  B.,  p.  515;  Donstan,  W,  R., 
and  Henry,  T.  A.,  Cyanogenesia  in  Plants,  Phil.  Trans.  Roy.  Soc  London,  1902, 
vol.  199,  A.,  p.  399;  Slade,  Henry  B.,  Prussic  Acid  in  Sorghum,  Jour.  Amer.  Chem. 
Soc,  1903,  vol.  25,  pp.  55-59;  Slade,  Henry  B.,  Study  of  the  Enzymes  of  Gieen 
Sorghum,  Fifteenth  Annual  Report,  Agricultural  Experiment  Station  of  Nebraska, 
1902,  pp.  55-62;  Briinnich,  J.  C,  Hydrocyanic  Acid  in  Fodder^plants,  Jour.  Ghem. 
Soc,  1903,  vol.  83,  part  2,  pp.  788-796. 

&Bul.  No.  11,  Bureau  of  Plant  Industry,  United  States  Department  of  Agricoltore, 
p.  23. 

<?  Report  of  the  Commissioner  of  Agriculture,  1885,  p.  74. 

dDuthie,  J.  F.     Fodder  Grasses  of  Northern  India,  1888,  p.  41. 

«  Pease,  H.  T.  Poisoning  of  Cattle  by  Andropogon  Sorghum.  Jour.  Compar.  Med. 
and  Vet.  Arch.,  vol.  18,  1897,  p.  679.     See  also  Agr.  Ledger,  1896,  No.  24. 

/Balfour,  Andrew.  Cyanogenesis  in  Sorghum  Vulgare.  First  Report,  Wellcome 
Research  Laboratory,  at  Gordon  Mem.  College,  Khartum,  1904,  p.  47. 
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second  one  without  parasites.  Pease  has  lately  claimed  that  the 
deaths  from  Johnson  grass  in  India  were  really  cases  of  nitrate  poison- 
ing, as  he  found  25  per  cent  of  nitrate  of  potassium  in  the  stem  of  the 
plant  and  was  able  to  produce  somewhat  similar  symptoms  in  animals 
by  feeding  them  this  salt.  Johnson  grass  is  being  introduced  into 
Australia  as  a  fodder  plant,  but  as  yet  no  reports  of  its  poisonous 
action  there  have  been  noted  by  the  writer.^ 

There  has  been  some  chemical  study  of  Johnson  grass,  but  not  with 
reference  to  any  poisonous  principle.* 

A  fresh,  green,  mature,  nonflowering  specimen  of  Johnson  grass, 
moistened  with  a  little  water  and  preserved  with  chloroform,  was  sent 
from  Santa  Rosa,  CaL,  in  sealed  glass  vessels,  to  this  laboratory. 
This  was  botanically  identified  here  as  Johnson  grass.     This  specimen 
-was  not  immediately  worked  up,  but  remained  in  the  jars  for  about  a 
month.     At  that  time  on  opening  the  jars  a  marked  odor  of  hydro- 
cyanic acid,  together  with  that  of  chloroform,  was  detected.     The 
ground-up  plant,  with  the  water  in  which  it  came,  was  distilled,  and 
the  distillate  was  caught  in  sodium  hydrate  solution.     This  distillate, 
on  mixing  with  ferrous  sulphate  and  acidulation  with  hydrochloric 
acid,  gave  a  heavy  blue  precipitate  with  ferric  chlorid.     Yellow  ammo- 
nium sulphid  was  added  to  the  same  filtrate,  and  the  mixture  was 
evaporated  to  dryness  on  the  bath.     The  dried  residue  was  then  taken 
in  hydrochloric  acid  water,  and  on  the  addition  of  ferric  chlorid  the 
fluid  gave  the  characteristic  red  reaction  for  hydrocyanic  acid.     The 
nitro-prussid,  picric  acid,  and  silver  nitrate  reactions  were  all  positiv^e 
for  hydrocyanic   acid.     The  aqueous  fluid    in  which  the  plant  was 
shipped  was  filtered  off  from  the  plant  and  gave  on  distillation  all  the 
above  reactions  for  hydrocyanic  acid. 

According  to  our  California  correspondent,  this  plant  is  poisonous 
when  grown  on  irrigated  as  well  as  on  nonirrigated  lands,  but  especially 
so  when  grown  on  irrigated  soil  and  the  growth  has  become  rank. 

Recently  Dunstan*^  has  shown  that  lima  heeLua  {Phaseolus  lu7iatiis), 
which  when  grown  wild  in  Mauritius  yield  sufficient  hydrocyanic  acid 
to  produce  poisoning,  when  cultivated  in  Burma  lose  this  toxicity 
almost  entirely,  although  it  may  return  most  unexpectedly.^  He  was 
unable,  however,  to  determine  the  condition  which  increased  its 
poisonous  properties. 

It  is  interesting  to  note,  besides  this  production  of  hydrocyanic  acid 
from  complex  glucosids,  that  proteids,  when  subjected  to  oxidation 

0  Maiden,  J.  H.  Useful  Aastralian  Plants.  Department  of  Agricultore  New 
South  Wales,  Misc.  Pub.  No.  22,  1896. 

2^  Annual  Report  of  the  Commissioner  of  Agriculture,  1878,  p.  168. 

<^Dun8tan,  W.  R.    Phaseolus  Lunatus.    Agricultural  Ledger,  1905,  No.  2. 

d Church,  A.  H.,  Food-Grains  of  India,  1886,  p.  156;  Watt,  George,  Dictionary  of 
the  Economic  Products.  of-tjSJST^of.  A- jirtX  iWi  P-  187. 
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under  certain  conditions,  also  yield  it.^  In  fact,  hydrocyanic  acid  may 
exist  in  plants  in  two  forms,  either  as  the  acid  or  as  one  of  its  salts,  or 
in  the  form  of  complex  glucosids.^  Under  the  circumstanoes,  the 
conclusions  of  Brunnich^  should  be  held  in  mind,  viz,  that  ^^all  fodder 
plants  related  to  sorghum  must  be  used  with  discretion  in  either  the 
green  or  the  dried  state,  and  should  not  be  given  in  large  amounts  to 
animals  which  have  fasted  for  some  time." 

In  reference  to  other  forage  plants,  Avery**  says  that  *'Kafir-com 
leaves  also  contain  this  poison,  but  other  forage  plants — clover,  alfalfa, 
grasses,  and  corn — ^give  no  test  for  prussic  acid,'^  and  Brunnich  also 
found  it  in  Guinea  grass  or  Panicuvi  radximwn  and  P.  rmUicn^t. 
Many  facts  have  been  collected  relative  to  the  distribution  of  hydro- 
cyanic acid  in  plants,  yet  its  exact  significance  in  their  metabolism  i^ 
unknown/  The  question  as  to  the  relationship  of  parasites-^  to  tiie 
production  of  hydrocyanic  acid  remains  to  be  solved. 

Later  investigations  will  be  carried  on  to  determine  the  nature  of 
this  cyanogenetic  compound,  to  determine  whether  hydrocyanic  acid 
is  present  in  all  stages  of  its  growth,  but  disappears  on  drying  the 
plant,  whether  the  hydrocyanic  acid  production  occurs. under  all  con- 
ditions or  only  when  grown  on  certain  soils,  and  the  amount  product. 
Hydrocyanic  acid  will  also  be  looked  for  in  other  members  of  this 
genus. 

fl  Plummer,  R.  H.  A.  The  Formation  of  Prussic  Acid  by  the  Oxidation  of  Albu- 
mins.   Jour.  Physiol.,  vol.  31,  1904,  p.  65;  vol.  32,  1904,  p.  50. 

ft  Les  Nouveaux  KemMes,  vol.  14,  1898,  p.  272. 

c  Jour.  Chem.  Soc.,  1903,  vol.  83,  part  2,  p.  792. 

<i  Avery,  S.  Laboratory  Notes  on  Poison  in  Sorghum.  Jour.  Compar.  Med.  and 
Vet.  Arch.,  vol.  23,  1902,  p.  705. 

« Czapek,  F.     Biochemie  d.  Pflanzen,  1905,  vol.  2,  p.  259. 

/Literature  on  some  parasites  of  the  sorghum  family  can  be  found  in  Bot.  Gaz., 
vol.  28,  1899,  p.  65.  Also  in  Busse,  W.,  Untersuch.  u.  d.  Krank.  der  Sorghum  Hirse, 
Arb.  a.  d.  biol.  Abtheil.  f.  Land  u.  Forstw.  am  kaiserl.  Gesundheitsamt,  1904,  vol.  4. 


IVIAR  7  -  1906       , 


} 
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U.  S.  Dkpaktment  of  Aghici  lturk, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 

Wa^/uvgton,  D.  6^.,  Decemher  11^  190'), 

Sir:  1  have  the  honor  to  transmit  herewith  a  paper  entitled  '*  Vari- 
eties of  Tobacco  Seed  Distributed  in  1905-6,  with  Cultural  Direc- 
tions," and  respectfully  recommend  that  it  be  published  as  Bulletin 
No.  91  of  the  series  of  this  Bureau. 

This  paper  was  prepared  by  Messrs.  A.  D.  Shamel  and  W.  W.  Cobey, 
in  charge  of  tobacco  breeding  experiments,  Laboratory  of  Plant 
Breeding,  and  it  has  been  submitted  by  the  Botanist  in  Charge  of  Seed 
and  Plant  Introduction  and  Distribution  with  a  view  to  publication. 

The  illustrations  which  acc^ompanj^  this  paper  are  considered  essen- 
tial to  a  full  understanding  of  the  text. 
Respectfully, 


Hon.  James  Wilson, 

iSecTf'fjiry  of  Afjn'ctdtare. 


W.  T.  (ialloway, 

t  'h  ii'f  of  BnTtiL  //. 


P  R  K  1'  A  C  H . 


Following  the  established  policy  of  this  office  of  improving  the 
methods  of  distributing  seed  wherever  possible,  a  departure  has  this 
year  been  made  in  the  handling  of  the  tobacco-seed  distribution,  the 
work  of  selecting  the  types  which  it  is  desired  to  distribute  being 
undertaken  by  the  tobacco  experts  of  the  Laboratory  of  Plant  Breeding 
of  the  Bureau  of  Plant  Industry.  This,  it  is  believed,  will  result  in 
placing  in  the  hands  of  really  interested  persons  the  very  best  seed 
of  the  various  types  of  tobacco.  Some  of  these  types  wnll  be  entirely 
new,  the  results  of  selection  and  breeding  by  Messrs.  Shamel  and  Cobey 
during  the  past  two  or  three  years.  Other  types  will  be  such  as  are 
already  established,  but  the  seed  distributed  this  year  has  all  been  care- 
fully selected  with  reference  to  securing  the  best  possible  strain  of  each 
type. 

Si>ecial  attention  has  been  paid  in  the  present  bulletin  to  a  discussion 
of  the  methods  of  growing  and  handling  certain  varieties,  especially 
those  that  are  more  highly  specialized.  This  course  was  considered 
necessary,  because  even  if  good  tobacco  is  grown  it  is  easily  spoiled  by 
improper  handling.  It  is  hoped  that  those  who  read  these  pages  will 
pay  special  attention  also  to  the  discussion  of  the  selection  of  seed, 
because  the  permanent  improvement  of  tobacco  types  must  necessarily 
be  left  in  the  hands  of  intelligent  cultivators,  and  if  careful  selection 
is  not  practiced  by  them  the  work  which  the  Department  of  Agricul- 
ture  is  doing  will  fail  to  attain  the  full  measure  of  success  which  would 
otherwise  be  possible. 

A.    J.    PlETERS, 

Botarilnt  In  Charge, 
Office  of  Seed  and  Plant 

Introduction  and  Distribution, 
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INTBODUCTION. 

Ill  the  distribution  of  tobacco  seed  by  the  Department  of  Agriculture 
siiihII  samples  of  seed  of  improved  native  and  standard  foreign-grown 
varieties  are  furnished  for  experimental  purposes.  The  object  of  this 
distribution  in  regions  where  tobacco  is  not  grown  at  present  is  to 
enable  farmers  to  make  a  reliable  test  of  the  adaptability  of  their 
conditions  of  soil  and  dimate  to  tobacco  culture.  In  the  established 
tobacco-growing  sections  the  growers  may  secure  improved  varieties 
b3'  testing  the  seed,  sent  out  in  this  distribution,  adapted  to  the  condi- 
tions of  culture  and  purposes  of  manufacture  for  which  the  tobacco  is 
g-rown.  The  Havana  seed  tobacco  of  the  Connecticut  Valley  and  the 
Florida  Sumatra  type  of  the  southern  Georgia  and  western  Florida 
districts  are  stinking  illustrations  of  the  beneficial  results  of  the  intro- 
duction of  new  varieties  or  the  importation  of  standard  foreign-grown 
tobaccos. 

Many  illustrations  might  be  cited  of  the  importance  of  testing  dif- 
ferent varieties  of  tobacco  in  the  established  tobacco-growing  sections, 
and  it  is  the  object  of  this  distribution  to  furnish  tobacco  growers  care- 
fully selected  seed  of  improved  strains  of  standard  varieties  of  tobacco, 
in  oixler  that  they  may  obtain  the  best  types  of  tobacco  adapted  to 
their  conditions  of  soil  and  climate. 

In  all  cases  where  foreign-grown  or  improved  native  varieties  have 
been  successfully  established  in  any  region,  small  crops  have  been 
grown  until  the  strains  have  become  adapted  to  local  conditions  of 
climate  and  soil  and  a  uniform  type  has  been  secured  by  continued 
and  systematic  selection  of  seed. 

In  the  distribution  of  tobacco  seed  this  season,  unless  a  particular 
variety  of  tobacco  is  requested  by  the  growers  an  attempt  will  be 
made  to  send  the  variety  of  tobacco  which  experience  has  shown  to  be 
most  nearly  adapted  to  the  conditions  under  which  the  tobacco  is  to  be 
grown.  It  has  been  found  by  experience  that  an  attempt  to  produce 
a  tobacco  on  a  soil  not  suitt^l  to  the  type  planted  will  in  most  cases 
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result  in  failure,  fioui  the  fact  that  the  tobacco  produced  is  unlit  for 
the  same  grade  as  the  parent  plants  and  will  not  meet  the  requirements 
of  an  established  class  of  tobacco,  but  must  sell  as  a  nondescript.  In 
some  cases,  however,  new  t^^pes  of  tobacco  have  been  established  in 
this  way  which  have  proved  of  sufficient  importance  to  create  a  market 
on  their  own  merit,  and  wherever  it  seems  possible  that  such  results 
mav  be  secured  the  seed  of  hiiJfhlv  bred  new  varieties  will  be  sent  to 
the  particular  section  adapted  to  the  growth  of  these  types. 

The  tobacco  plant  readily  adapts  itself  to  a  great  variety  of  condi- 
tions, but  is  easily  affected  by  the  chemical  and  mechanical  conditions 
of  the  soil.  In  fact,  it  has  been  found  that  the  relation  of  the  physical 
conditions  of  the  soil  to  the  texture  and  quality  of  the  leaf  has  become 
so  well  established  that  it  is  possible  to  determine  in  a  general  way  by 
a  study  of  the  soil  and  climate  the  adaptability  of  the  different  sections 
to  a  particular  type  and  class  of  tobacco.  The  climatic  conditions 
largely  influence  the  quality  and  aroma  in  the  same  way  that  the  soil 
influences  the  texture  of  the  tobacco  leaf.  In  a  warm  climate  the  tend- 
ency is  to  produce  a  leaf  with  a  large  amount  of  gum  and  an  aromatic 
tobacco;  in  northern  sections  the  leaf  V)ecomes  larger  and  finer,  but  is 
lacking  in  aroma.  However,  these  tendencies  may  be  modified  in  dif- 
ferent sections  by  excessive  rainfall,  which  usually  causes  a  thin  leaf 
and  lack  of  aroma. 

As  a  rule,  tobacco  which  is  grown  near  the  sea  has  poor  combusti- 
bility, which  is  supposed  to  be  due  to  the  action  of  the  chlorin  in  the 
salt  of  the  sea  air.  As  a  general  rule,  tropical  climates  produce  the  best 
tobaccos  for  cigar  fillers,  and  temperate  climates  produce  tobaccos 
which  are  best  adapted  for  cigar  wrappers.  In  the  warmer  sections 
of  temperate  climates  the  best  smoking  and  chewing  tobaccos  are 
produced. 

It  has  been  definitely  determined  by  experiments  conducted  by  the 
Bureau  of  Plant  Industry  that  the  different  types  of  tobacco  can  be 
greatly  improved  })y  seed  selection  and  breeding.  Inasmuch  as  the 
tobacco  plant  produces  a  large  quantity  of  seed,  it  is  i)ossible  by  sav- 
ing comparatively  few  plants  to  furnish  enough  highly  bred  seed  for 
the  planting  of  a  large  area.  It  is  important  that  where  new  strains 
or  varieties  of  tobacco  are  tested  by  the  growers  a  small  number  of 
plants  be  grown  the  first  year,  in  order  to  test  the  adaptability  of 
these  tobaccos  to  the  local  conditions.  If  the  variety  proves  to  be 
of  value  the  grower  can  select  the  best  of  the  individual  plants  in  this 
small  field  for  the  seed  of  his  entire  crop  the  succeeding  year. 

The  importance  of  growing  a  small  crop  from  imported  or  newly 
introduced  seed  is  illustrated  in  Plate  I.  In  figure  1  is  shown  a  field 
in  the  Connecticut  Valley  in  the  season  of  1908,  grown  from  freshh 
imported  Cuban  seed.  It  can  be  seen  that  in  this  field  there  are  a 
large  number  of  "freak,"  branching,  narrow-leaved,  and  other  unde- 
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sirable  types  of  tobacco  for  cigar-wrapper  purposes.  The  number  of 
freak  plants  in  this  field  amounted  to  one-third  the  total  number  of 
plants  and  caused  the  grower  a  great  loss.  Specially  good  plants,  free 
from  suckering,  were  selected  for  seed  in  this  field,  and  the  seed  saved 
under  bag.  The  crop  the  following  season  raised  from  this  seed  was 
comparatively  free  from  freaks  and  undesirable  plants.  In  1905  the 
crop  shown  in  figure  2  from  seed  saved  from  the  preceding  year's 
selected  seed  plants  of  this  same  variety  on  the  same  field  was  remark- 
ably uniform  in  type,  everj'  plant  being  like  every  other  plant  in  the 
field.  A  casual  inspection  of  the  two  figures  will  show  that  two  years' 
s\'stematic  seed  selection,  saving  the  seed  under  bag,  has  served  to 
weed  out  all  of  the  freak  and  undesirable  types  and  has  enabled  the 
grower  to  produce  a  uniform  field  of  a  highly  desirable  type  of  tobacco. 

There  is  no  geneml  farm  crop  which  responds  so  readil}'  to  seed 
selection  and  breeding  as  tobacco.  The  transmitting  power  of  the 
individual  parent  plants  is  exceedingly  strong,  and  the  progeny  of  the 
individual  seed  plants  show  great  uniformity  when  seed  is  saved  under 
bag  according  to  the  plan  outlined  in  the  following  pages. 

It  is  exceedingly  important  that  strains  of  tobacco  be  secured  in 
different  sections  resistant  to  the  "root  knot,"  "root  wilt,"  and  other 
fungous  diseases  which  attack  the  tobacco  crop.  In  the  experiments 
conducted  by  the  Bureau  of  Plant  Industry  it  has  been  found  that  by 
saving  the  seed  of  resistant  plants  under  bag  it  is  possible  to  produce 
uniform  strains  which  are  immune  to  the  attack  of  most  root  diseases. 
Wherever  possible  the  Department  will  undertake  to  make  selections  of 
resistant  types  and  furnish  small  quantities  of  this  seed  for  distribution. 

It  is  advisable  for  tobacco  growers  to  secure  and  test  new  varieties 
in  different  sections,  and  especially  to  secure  hybrids  of  the  native 
with  the  imported  varieties.  In  order  to  safely  introduce  these  hybrids 
it  is  essential  to  grow  a  few  plants  of  the  desired  imported  variety  in 
order  to  procure  pollen  for  crossing.  In  no  instance  should  a  large 
area  of  plants  be  grown -from  the  first  year's  cross  or  from  the  imported 
seed.  One  hundred  plants  of  each  type  or  variety  will  give  a  fair 
indication  of  the  nature  and  value  of  the  cross  or  importation,  and  will 
furnish  sufficient  plants  for  seed  selection  for  the  next  year's  crop. 
After  the  grower  secures  a  uniform  crop  of  the  desired  kind  sufficient 
seed  may  be  saved  for  future  crops  in  ai'cordance  with  the  directions 
given  in  this  bulletin. 

DESCBIFTIGN  OF  VARIETIES. 

It  is  impossible  to  recommend  the  best  variety  of  tobacco  for  grow- 
ing in  a  new  region,  that  being  a  matter  which  can  only  be  determined 
by  careful  experiments.  If  the  soil  and  climatic  conditions  are  known, 
a  study  of  the  description  of  the  varieties  sent  out  in  this  distribution 
will  enable  the  grower  to  select  a  variety  which  will  be  adapted  most 
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nearly  to  the  new  conditions.  In  the  following  list  the  best  varieties 
for  testing  by  the  growers  are  grouped  with  reference  to  their  uses 
and  the  character  of  soil  which  produces  the  best  yield  of  each  variety, 
as  deternained  by  past  experience. 

CIGAR-WRAPPER  TOBACCOS. 

Sumatra. — Used  wholly  for  the  production  of  high-grade  cigar 
wrappers  and  not  considered  of  any  value  for  fillers.  In  the  United 
States  this  variety  is  grown  under  slat  or  cloth  shade.  Adapted  to 
sandy  loam  soil.  In  western  Florida,  where  it  is  grown  extensively, 
the  surface  soil  is  underlaid  by  a  red  clay  subsoil.  The  leaves  are  very 
thin,  of  fine  texture,  with  small  veins,  and  vary  from  12  to  20  inches 
in  length  and  8  to  16  inches  in  width.  The  plants  bear  from  16  to 
30  leaves,  with  comparatively  long  internodes.  The  leaves  have  an 
erect  habit  of  growth.  Under  favorable  conditions  for  growth  the 
plants  reach  a  height  of  from  7  to  9  feet.  This  variety  produces  the 
best  grade  of  domestic  cigar  wrappers. 

Grown  in  western  Florida,  in  southern  Georgia,  and  in  the  Con- 
necticut Valley. 

Connecticnt  Havana. — Used  for  cigar  wrappers  and  binders,  and  the 
top  leaves  are  frequently  used  for  fillers  in  the  inferior  grades  of 
domestic  cigars.  Adapted  to  light  alluvial,  sandy  soils,  containing  a 
small  percentage  of  cla}^  and  as  a  rule  the  less  the  clay  the  higher  the 
yield  of  fine  cigar  wrappers.  Where  this  variety  is  grown  for  fillers 
a  rich  clay  yielding  a  heavy  crop  of  leaf  is  probably  the  most  desirable 
type  of  soil.  The  leaves  are  thin,  of  fine  texture  and  delicate  flavor, 
set  very  close  together  on  the  stalk,  with  very  short  internodes,  and 
have  a  very  erect  habit  of  growth.  The  plants  bear  from  10  to  15 
leaves,  varying  in  average  length  from  20  to  32  inches  and  in  aver- 
age width  of  from  10  to  15  inches.  This  variety  was  secured  by  con- 
tinued seed  selection  from  crops  grown  from  seed  imported  from 
Cuba,  and  is  probably  a  cross  between  these  Cuban  plants  and  the 
native  Broadleaf  of  the  Connecticut  Valley. 

Grown  in  the  Connecticut  Valley,  Wisconsin  (mainlj^  for  binders), 
Ohio,  Pennsylvania,  and  New  York.  One  of  the  best  general-purpose 
tobaccos. 

Connecticut  Broadleaf. — Formerly  known  and  generally  recognized 
in  the  trade  as  Seedleaf .  Used  for  cigar  w^rappers  and  binders,  and 
the  lower  grades,  to  a  limited  extent,  for  blending  with  other  tobaccos 
for  cigar  fillers.  Adapted  to  sandy  loam  soil.  This  variety  makes  an 
exceedingly  rapid  growth.  The  leaves  are  very  broad,  sweet  tasting, 
thin,  elastic,  silky,  and  with  small  veins.  The  leaves  are  ^et  very  close 
together  on  the  plant,  having  a  very  characteristic  drooping  habit  of 
growth,  and  vary  in  length  from  24  to  3f)  inches  and  in  wndth  from 
12  to  22  inches.     The  size  of  leaf  varies  greatly  in  different  sections 
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and  with  the  different  strains  which  have  been  developed  by  individual 
f^rowers.  The  .seed  of  this  variety  has  been  sent  to  many  sections  of 
the  United  States  and  a  large  number  of  important  varieties  have  been 
secured  from  this  source,  as  in  the  case  of  the  Ohio  Seedleaf,  which 
can  \)e  traced  directlv  to  Connecticut  Broadleaf  seed. 

Grown  in  the  Connecticut  Valley,  New  Hampshire,  Vermont,  New 
York,  Pennsylvania,  Ohio,  Wisconsin  Minnesota,  and  to  a  slight 
extent  in  Indiana  and  Illinois. 

CIGAR-FILLER  TOBACCOS. 

Cuban. — Used  for  high-grade  cigar  wrappers  when  grown  under 
shade,  but  is  genemlly  grown  outside  for  cigar  fillers.  Adapted  to 
alluvial  or  sandy  soil  resting  on  red  clay  subsoil.  This  variety  has  a 
small  leaf  of  fine  texture.  The  leaves  are  short  and  round,  with 
small  veins,  medium  to  heavy  body,  varying  from  10  to  IS  inches  in 
length,  and  6  to  14  inches  in  width.  When  this  variety  is  taken  north 
the  influence  of  the  climate  and  soil  conditions  tends  to  promote  the 
development  of  a  large  leaf  at  the  expense  of  fineness  of  texture  and 
quality.  When  grown  from  freshly  imported  seed  in  southern  tobacco 
districts  the  tobacco  seems  to  retain  the  valuable  qualities  of  flavor, 
aroma,  smooth  taste,  and  other  characters  of  the  imported  Cuban 
tobacco.  Whether  these  qualities  can  be  retained  by  continued  selec- 
tion of  seed  from  desirable  plants  is  a  subject  for  experimentation,  but 
the  evidence  obtained  up  to  this  time  indicates  that  it  Is  probable  that  in 
certain  districts  in  the  United  States  uniform  crops  of  Cuban  tobac<;o 
having  a  highly  desirable  flavor  and  aroma  can  be  produced  by  the  aid 
of  systematic  seed  selection. 

In  the  Connecticut  Valley  this  variety  is  grown  under  shade  for  cigar 
wrappers,  the  top  leaves  being  used  to  a  limited  extent  for  cigar  fillers, 
and  it  is  grown  for  cigar  fillers  in  Florida,  Texas,  Ohio,  and  Georgia. 
In  Florida  and  Texas  it  produces  one  of  the  best  grades  of  domestic 
fillers. 

Zimmer  Spanish. — Largely  used  for  cigar  fillers,  and  is  the  most 
popular  and  extensively  grown  domestic  tiller.  It  is  frequently  used 
for  blending  with  other  tobaccos  in  cigar  fillers.  It  is  common' y 
believed  to  be  a  hybrid  of  the  native  Seedleaf  and  the  Cuban  variety. 
Adapted  to  light  loam  soil,  and  in  the  Miami  Valley,  Ohio,  where  this 
variety  is  most  extensively  grown,  the  surface  soil  is  underlaid  by  a 
red-brown  clay  loam.  The  leaves  are  medium  in  size,  have  good  })ody 
and  elasticity,  with  small  veins,  and  they  resemble  the  Cuban  variety. 
The  leaves  are  set  close  together  on  the  stalk,  from  l-t  to  20  leaves  to 
the  plant,  the  plants  reaching  an  averse  height  of  about  4  feet..  This 
variety  produces  an  avemge  yield  of  about  600  pounds  to  the  acre  and 
brings  an  average  price  of  about  7  cents  a  pound. 

Grown  in  Ohio  and  Wisconsin. 
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Little  Dutch. — Used  for  cigar  fillers,  making  a  cigar  with  an  aroma 
resembling  the  Yara  tobacco  grown  in  eastern  Cuba.  Adapted  to 
clay  loam  soils.  The  seed  was  introduced  in  this  country  from  Ger- 
many. The  leaves  are  small  and  narrow  and  the  plants  have  a  short 
habit  of  growth,  producing  a  light  y^ield.  This  tobacco  requires  care- 
ful curing  and  fermentation. 

Grown  in  Ohio  and  to  a  limited  extent  in  Pennsylvania. 

PIPE   TOBACCOS. 

North  Carolina  Bright  Yellow. — Used  for  manufacturing  plug  and 
smoking  tobaccos,  cigarettes,  and  for  export  purposes.  This  variety 
is  adapted  to  sandy  soils,  underlaid  by  a  red  or  yellow  clay  subsoil. 
The  deeper  the  sand  the  brighter  the  tobacco  produced,  and  the  nearer 
the  surface  the  subsoil  comes  the  more  inclined  the  tobacco  is  to  darken 
in  color.  The  leaves  are  light  and  spong}'^,  of  rather  thick  texture,  set 
close  together  on  the  stem,  with  an  erect  habit  of  growth,  but  droop- 
ing at  the  ends,  the  tops  often  touching  the  ground.  This  variety  is  a 
modified  type  of  the  nativ^e  Maryland  and  Virginia  tobaccos. 

Grown  in  North  Carolina,  Maryland,  Virginia,  and  South  Carolina. 

Maryland  Smoking. — Used  for  manufacturing  and  export  purposes. 
Adapted  to  clay  loam  and  sandy  soil.  The  leaves  are  thick  and  coarse 
in  texture,  but  are  light  and^chaffy  when  cured.  Thej^  have  a  semi- 
erect  habit  of  growth,  drooping  at  the  tips,  varying  in  length  from 
20  to  36  inches  and  in  width  from  10  to  26  inches.  The  plants  bear 
from  10  to  18  leaves  and  reach  an  average  height  of  about  4  feet.  This 
variety  was  discovered  in  Maryland  when  the  first  settlers  explored 
that  region.    It  is  mostly  exported  to  France,  Germany,  and  Holland. 

Grown  in  Maryland,  Virginia,  and  Pennsylvania.  From  the  Mary- 
land tobacco  many  of  the  important  native  varieties  have  been  devel- 
oped by  growing  in  different  tobacco-growing  sections  and  by  con- 
tinued selection  of  seed  for  a  particular  type  of  tobacco. 

PLUG   TOBACCOS. 

White  Bnrley. — Used  for  plug  fillers  and  wrappei's  for  smoking  and 
for  the  manufacture  of  cigarettes.  Adapted  to  well-drained,  deep-red 
clay-loam  soil.  In  Kentucky  such  soils  are  fairly  rich  in  lime  and 
produce  good  crops  of  corn,  wheat,  hemp,  and  grass,  but  the}'^  deteri- 
orate rapidly  unless  the  fertility  is  maintained  by  the  use  of  fertilizers 
and  proper  methods  of  cultivation.  The  leaves  are  long  and  broad 
and  have  a  white  appearance  in  the  field.  They  have  a  horizontal 
habit  of  growth,  the  tips  hanging  down  and  often  touching  the 
ground.  They  vary  in  length  from  28  to  36  inches  and  in  width  from 
16  to  24  inches.     The  plants  bear  from  10  to  18  leaves  and  reach  an 
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average  height  of  about  4  feet  in  the  field.  This  variety  is  a  selei'tioii 
from  the  original  Burley,  the  peculiar  white,  ti-an.slucent  appeanuice 
of  the  original  parent  plant  having  attracted  the  attention  of  the  grow- 
ei-s.  Seed  save4  from  this  plant  produced  a  large  number  of  plants 
the  following  season,  and  in  time  a  large  and  important  industry  was 
developed  from  this  lieginning. 

The  Ked  Burlev  and  dark  tobaccos  of  southern  and  western  Ken- 
tuck}'  and  Tennessee  are  heavy  tobaccos,  nearly  related  to  the  White 
Burley,  but  on  account  of  their  peculiar  characteristics  are  largely 
exported. 

Grown  in  Kentucky,  southern  Ohio,  Tennessee,  and  to  a  limited 
extent  in  North  Carolina  and  Virginia. 

Orinoco  and  Yellow  Mammoth. — Used  for  plug  wrappers  and  fillers 
and  are  stemmed  for  export  trade.  Adapted  to  rich,  well-drained  soils, 
doing  especially  well  on  alluvia)  soils  underlaid  with  red  clay  sub- 
soil. The  Orinoco  variety  has  short,  broad  leaves,  while  the  Yellow 
Mammoth  has  large  leaves,  both  varieties  having  a  rapid  rate  of 
growth.  The  Little  Orinoco  type  has  a  long,  narrow,  tapering  leaf, 
and  is  the  sweetest  variety  grown.  The  Yellow  Mammoth  is  largely 
exported  for  Swiss  trade,  and  its  culture  is  mainly  confined  to 
Tennessee. 

The  Orinoco  type  is  grown  in  Virginia,  North  Carolina,  Tennessee, 
West  Virginia,  and  Missouri. 

Virginia  types  (Bine  Pryor,  Snn-Cnred,  and  White  Stem). — Adapted  to 
sandy  soil,  underlaid  with  red  or  yellow  clay  subsoils.  These  types 
have  very  broad,  large,  fine  leaves,  of  fine,  silky  texture,  with  rather 
tough  fibers  and  usually  have  bright,  fine  colors.  Some  of  the  best 
grades  are  used  for  cigar  wrappers  and  others  for  smoking  purposes. 

Grown  in  Virginia,  North  Carolina,  Kentucky,  Tennessee,  Missouri, 
and  Indiana. 

DIB.ECTIONS  FOB.  CTTLTUKE. 

SUMATRA   TOBACCO. 

The  location  selected  for  the  seed  bed  should  have  a  slightly  southern 
exposure  in  order  to  get  the  full  benefit  of  the  warm  rays  of  tlie  sun 
in  the  early  spring.  The  slope  should  be  sufficient  to  insure  perfect 
drainage  at  all  times.  It  is  desirable  that  the  seed  bed  be  surrounded 
by  board  walls  and  covered  with  regular  tobacco  tenting  cloth,  an 
illustration  of  which  is  shown  in  Plate  II,  figure  1.  The  cover  will 
protect  the  tender  plants  from  the  cold  north  winds  wnA  produce  more 
uniform  and  favorable  conditions,  insuring  early,  rapid  growth.  The 
location  should  be  permanent,  abundantly  fertilized  every  spring,  and 
kept  free  from  weeds  and  grass  at  all  times.  The  soil  becomes  better 
adapted  to  plant-bed  purposes  each  succeeding  year  if  this  method  is 
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followed.  The  most  desirable  soil  seems  to  be  a  rich,  friable  sandy 
loam.  Deep  plowing  or  spading  should  be  avoided  in  the  preparation 
of  the  soil,  the  usual  depth  being  4  or  5  inches.  The  ground  should 
be  harrowed  and  stirred  with  hand  rakes  until  thoroughly  pulv^erized, 
and  all  roots,  tufts,  and  clods  of  earth  should  be  carefully  removed. 

After  this  preparation  a  liberal  application  of  fertilizer  rich  in 
nitrogen  and  potash  should  be  evenly  distributed  over  the  bed.  A 
fertilizer  containing  10  per  cent  of  ammonia,  8  per  cent  of  available 
phosphoric  acid,  and  12  per  cent  of  soluble  potash  is  highly  recom- 
mended. Chlorin  in  any  form  must  be  avoided.  After  apphdng  this 
fertilizer  the  bed  should  be  thoroughly  stirred  again  and  left  very 
smooth,  in  which  condition  it  is  ready  for  the  seed.  It  is  customary 
to  sow  the  seed  at  the  rate  of  about  1  tablespoonf  ul  to  100  square  yards 
of  seed  bed.  It  is  impracticable  to  sow  this  seed  alone  and  it  should 
be  thoroughly  mixed  with  wood  ashes,  corn  meal,  land  plaster,  or 
commercial  fertilizer.  In  order  to  obtain  a  uniform  stand  of  plants  it 
is  advisable  to  sow  half  of  the  seed  lengthwise  of  the  bed  and  the 
remainder  crosswise. 

The  proper  time  for  sowing  the  seed  is  from  February  1  to  March  1. 
Wherever  practicable  it  is  best  to  prepare  the  land  and  apply  the  fer- 
tilizer from  one  to  two  weeks  before  sowing  the  seed.  After  sowing, 
a  light  roller  should  be  run  over  the  bed,  or  some  other  means  used  to 
get  the  soil  in  a  firm,  compact  condition,  in  which  state  it  will  retain 
its  moisture,  thus  giving  more  favorable  conditions  for  the  germina- 
tion of  seed  and  the  growth  of  the  young  plants.  The  necessity  of 
properly  caring  for  the  seed  bed  can  not  be  too  strongly  emphasized, 
since  nothing  is  of  more  importance  in  obtaining  a  vigorous  growth 
in  the  field  than  strong,  healthy  seedlings.  They  should  be  made  to 
grow  steadily  and  vigoroush^  without  being  (checked  until  ready  for 
transplanting.  In  order  to  obtain  this  condition,  strict  and  constant 
attention  must  be  given  to  watering  the  bed,  keeping  down  all  weedv^ 
and  grass,  and  preventing  the  ravages  of  insect  pests.  In  some  causes 
it  is  necessary  to  use  an  additional  application  of  fertilizer  in  the  way 
of  a  top-dressing.  The  necessity  for  this  is  often  indicated  by  the 
plants  turning  yellow.  The  fertilizer  should  be  essentially  of  the  same 
composition  as  that  previousl}^  used,  and  often  gives  best  results  when 
applied  in  a  liquid  form.  This  method  of  application  makes  it  neces- 
sarv  to  wash  the  fertilizer  thoroughlv  into  the  soil  by  means  of  an 
abundant  spray  and  thus  avoid  injury  to  the  tender  plants. 

Whenever  it  is  found  that  the  plants  are  too  thick  in  the  bed  it  is 
advisable  to  thin  them  out  by  drawing  an  ordinary  rake  across  the  bed. 
allowing  it  to  sink  to  a  depth  of  from  one-half  to  three-fourths  inch. 
This  can  be  done  without  seriously  injuring  the  remaining  plants  and 
is,  in  fact,  of  positive  benefit  to  them.  In  all  cases  some  system  should 
be  provided  for  watering  the  plant  beds  during  spells  of  dry  weather. 
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Water  should  be  applied  in  the  f omi  of  a  light  spray.  During  the  first 
two  weeks  of  plant  growth  it  is  essential  that  the  surface  soil  be  kept 
comparatively  moist  at  all  times,  for  at  this  stage  a  few  hours  of  hot 
sun,  after  the  soil  has  become  dry,  will  be  sufficient  to  kill  most  of  the 
plants.  Where  irrigation  is  used  in  growing  the  general  crop  a  sys- 
tem of  overhead  spray  nozzles  has  been  found  to  give  excellent  results. 

As  has  been  previously  mentioned,  great  care  must  be  taken  to 
remove  all  weeds  and  grass  that  maj'^  appear  among  the  young  plants. 
In  every  case,  before  undertaking  the  process  of  weeding  the  bed,  it 
is  most  important  to  water  thoroughly.  This  will  prevent  any  serious 
injury  being  done  to  the  roots  of  the  tobacco  plants. 

One  of  the  most  injurious  insects  to  be  guarded  against  in  the  culti- 
vation of  the  seed  bed  is  a  flea-beetle.  The  injury  to  the  plants  by 
this  insect  may  be  prevented  b}'-  the  use  of  a  light  spray  of  Paris  green. 
The  mixture  should  be  made  at  the  rate  of  1  pound  of  Paris  green  and 
an  equal  quantity  of  quicklime  to  100  gallons  of  water,  which  should  be 
kept  constantly  stirred  when  in  use.  The  same  remedy  can  be  applied 
in  the  case  of  the  hornworm,  where  the  seed  bed  is  not  inclosed  or 
covered. 

A  very  satisfactory  fertilizer  consists  of  1,000  pounds  of  cotton  seed^ 
1,000  pounds  of  cotton-seed  meal,  800  pounds  of  carbonate  of  potash, 
700  pounds  of  fine-ground  bone,  and  800  pounds  of  lime  to  the  acre. 
The  cotton  seed  should  be  put  on  the  field  after  it  has  been  plowed 
and  three  weeks  or  one  month  before  it  is  finally  prepared  for  trans- 
planting. Wherever  it  can  be  obtained  cow-pen  manure  should  be 
used  broadcast  at  the  rate  of  20  to  25  loads  per  acre.  Cow-pen  manure 
promotes  very  rapid, growth  and  often  becomes  the  means  of  securing 
a  good  crop  of  tobacco  on  land  badly  infested  with  nematodes.  This 
kind  of  plant  food  enables  the  plant  to  throw  out  new  roots  faster  than 
the  nematodes  can  destroy  the  old  ones. 

When  produced  for  wrapper  purposes  the  Sumatra  variety  of  tobacco 
is  usually  grown  under  shade.  The  purpose  of  the  shade  is  to  protect 
the  crop  from  insects  and  other  dangers  and  by  reason  of  reducing 
the  light  to  secure  a  thin  leaf.  The  effect  of  the  shade  is  also  shown  in 
influencing  the  humidity  of  the  atmosphere  and  the  temperature.  The 
plants  under  shade  show  a  much  more  rapid  growth  than  the  outside 
tobacco,  and  the  leaves  are  finer,  very  thin  and  elastic,  and  with  very 
small  veins.  Such  characteristics  as  these  in  wrapper  tobacco,  are 
desired  bv  manufacturers. 

Where  no  cover  crop  is  grown  during  the  winter  the  land  should  be 
plowed  frequently  and  kept  thoroughl}^  stirred.  This  destroys  many 
of  the  nematodes,  and  in  that  way  greatly  reduces  the  damage  due  to 
these  insects  the  following  year.  This  constant  cultivation  also  pre- 
vents, to  some  extent,  the  depredations  of  the  thrips;  it  prevents  the 
growth  of  grass  and  weeds,  which  serve  as  host  plants  for  this  insect. 
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The  preparation  of  the  soil  for  Sumatra  tobacco  must  be  thorough 
and  complete.  The  soil  should  be  thoroughly  pulverized  by  succes- 
sive plowing  and  harrowing,  and  reduced  to  a  fine  condition  before 
transplanting.  Deep  plowing  and  subsoiling  causes  a  retention  of 
moisture  in.  the  soil  if  the  season  is  too  dry,  and  at  the  same  time 
affords  the  best  opportunity  for  proper  drainage  if  there  is  an  excess 
of  rainfall  during  the  growing  season.  The  disk  plow  and  disk  har- 
row have  been  used  very  successfully  in  the  preparation  of  tobacco 
soils,  particularly  where  the  content  of  clay  is  comparatively  small. 

When  transplanting  the  young  plants  from  the  seed  bed  to  the  field, 
it  is  desirable  to  make  a  selection  of  the  best  and  m6st  vigorous  plants 
in  the  seed  bed.  At  this  early  stage  of  growth  the  most  vigoix)us 
plants,  having  the  largest  and  best-shaped  leaves,  can  be  very  easily 
distinguished  by  the  grower  and  selecrted  for  the  field. 

The  ordinarv  distance  for  Sumatra  under  cloth  is  3  feet  3  inches 
apart  for  rows  and  12  inches  apart  in  the  row.  Under  slat  shades  the 
distance  between  the  plants  in  the  row  is  usually  increased  to  about 
14  inches. 

Before  removing  the  young  plants  from  the  seed  bed,  the  bed  should 
be  thoroughly  watered  and  the  plants  taken  out  with  all  possible  care. 
In  setting  the  plants  in  the  field  care  should  be  taken  to  avoid  bending 
and  doubling  the  roots,  and  the  necessary  application  of  water  should 
not  be  overlooked.  It  is  often  found  beneficial,  just  before  transplant- 
ing, to  water  the  soil  where  the  plant  is  to  be  set,  and  to  wat«r  again 
shortl}^  after  transplanting. 

The  cultivation  of  the  crop  should  include  the  removal  of  all  weeds 
from  the  field,  particularly  during  the  early  stages  of  growth,  and  a 
thorough  cultivation  of  the  soil  at  frequent  intervals  in  order  to  keep 
a  loose  mulch  on  the  surface  of  the  soil.  It  is  usually  the  custom  to 
hoe  the  young  plants  twice  and  to  use  some  form  of  cultivator  at  least 
once  a  week  during  the  remainder  of  the  season  until  the  plants  have 
become  too  large  for  cultivation.  In  many  instances  it  has  been  found 
desirable  and  practicable  to  cultivate  the  tobacco  until  shortly  before 
the  top  leaves  are  taken  off.  In  dry  seasons  this  serves  to  retain  the 
soil  moisture  by  preventing  excess  evaporation  due  to  soil  capillarity. 

When  the  plants  begin  to  bud,  all  except  the  individual  plants  saved 
for  seed  purposes  should  be  topped.  No  very  definite  rule  can  be  given 
for  this  process,  but  it  is  the  usual  custom  to  break  off  the  top  of  the 
plant  just  below  the  first  seed  sucker.  The  height  of  topping  must  be 
largely  governed  by  the  local  soil  and  climatic  conditions. 

It  is  necessary  to  remove  the  suckers  before  they  reach  sufficient 
size  to  seriously  injure  or  dwarf  the  plant  or  interfere  in  the  develop- 
ment of  the  leaves.  In  most  cases  it  will  be  found  necessarv  to  remove 
the  suckers  two  or  three  times,  and  more  frequently  if  the  season  is 
one  which  promotes  rapid  growth.     If  seed  is  to  be  saved  on  any  of 
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the  plants^  the  flower  cluster  should  be  covered  with  a  light  and  strong 
paper  bag  before  any  of  the  flowers  blossom  out,  in  order  to  prevent 
cross-fertilization.  The  bags  should  be  kept  in  good  condition  and 
not  allowed  to  injure  the  top  of  the  plant  in  any  way.  The}''  should 
remain  over  the  flowers  until  a  sufficient  number  has  been  fertilized  to 
produce  a  good  supply  of  seed. 

The  time  for  harvesting  will  depend  to  a  considerable  extent  upon 
the  season,  but  the  ripeness  of  the  leaves  can  be  distinguished  by  the 
development  of  irregular,  light  yellowish  colored  patches  over  the 
surface  and  a  thickening  and  crumpling  of  the  body  of  the  leaves. 
The  leaves  should  be  hanested  before  they  become  overripe,  and  It 
is  the  usual  practice  to  pick  them  at  three  or  four  different  periods, 
the  lower  leaves  maturing  first,  the  middle  leaves  next,  and  the  top 
leaves  last,  generally  allowing  from  six  to  eight  days  between  each 
picking.  After  picking,  the  leaves  are  carried  to  the  curing  shed  in 
baskets  made  for  this  purpose  and  are  strung  on  4-foot  laths  specially 
arranged  for  them  at  the  rate  of  30  to  40  leaves  to  the  lath.  The 
leaves  are  arranged  back  to  back  and  face  to  face,  and  are  regularly 
strung  on  the  cord  attached  to  the  lath.  The  laths  are  then  hung  in 
the  curing  shed,  where  the  leaves  are  allowed  to  thoroughly  cure  out. 

When  the  tobacco  is  primed  from  the  stalk  it  should  not  take  more 
than  three  weeks  to  cure;  when  it  is  hung  on  the  stalks  from  four 
to  six  weeks  are  necessary.  The  manipulation  of  the  curing  barn  is 
governed  entirely  by  the  condition  of  the  weather  and  the  nature  of 
the  tobacco,  so  no  fixed  rules  can  be  given.  However,  in  a  general 
way  it  can  be  said  that  the  barn  should  be  opened  during  the  day  and 
kept  closed  at  night.  If  there  are  frequent  showers  and  but  little 
sunshine,  the  barn  should  be  kept  closed  and  small  fires  started,  dis- 
tributed throughout  the  building.  These  fires  should  be  continued  as 
long  as  it  is  necessary  to  dry  out  the  entire  barn  of  tobacco.  Where 
charcoal  is  not  available,  wood  which  has  as  little  odor  and  as  little 
smoke  as  possible  should  be  used.  It  is  very  important  to  dry  out 
the  barn  without  giving  the  tobacco  any  foreign  odors.  To  obtain 
the  best  results  the  tobacco  should  become  moist  and  be  fairly  dried 
out  once  in  every  twenty-four  hours. 

When  the  midribs  are  thoroughly  cured  the  leaves  are  ready  to  be 
taken  to  the  packing  house.  To  get  the  tobacco  in  condition  to  han- 
dle, all  the  ventilators  should  be  left  open  for  one  night,  opening  them 
about  6  o'clock  in  the  evening.  Unless  the  night  is  a  dry  one,  the 
tolmcco  w411  soften  before  morning  and  be  in  condition  or  '^good 
order;"  that  is,  it  will  have  taken  up  suflicient  moisture  to  make  it 
soft  and  pliable.  The  barn  should  then  be  tightly  closed,  in  order  to 
retain  the  moisture,  and  the  leaves  taken  from  the  laths  and  tied 
into  hands  of  convenient  size.  The  bottom,  middle,  and  top  leaves 
should  be  kept  separate  in  the  barn.     After  the  tobacco  has  been 
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taken  down  and  packed  it  should  be  taken  at  once  to  the  warehouse 
for  fermentation. 

The  fermentation  of  the  tobacco  is  to  be  done  in  bulk,  and  this 
sweating  process  must  be  watched  with  unusual  care  in  order  to  pre- 
vent disaster  to  the  crop.  It  is  necessary  to  turn  the  bulk  several 
times  during  the  process  of  fermentation  in  order  to  keep  the  tempera- 
ture at  the  desired  point.  The  object  of  turning  the  bulk  is  to  reverse 
its  construction,  thereby  bringing  the  top,  bottom,  and  outside  layers 
into  the  middle  of  the  new  bulk.  This  plan  will  permit  a  uniform 
fermentation  of  all  the  tobacco  in  the  bulk.  A  convenient  and  prac- 
*  tical  size  of  bulk  contains  from  2,000  to  3,000  pounds.  The  tempera- 
ture of  the  center  of  the  bulk  should  in  no  case  be  allowed  to  rise 
above  120^  F.,  and  after  the  temperature  falls  from  8  to  10  degrees 
the  bulk  should  be  turned.  The  desirable  maximum  temperature  is 
115^  F.  It  takes  usually  from  six  to  eight  weeks  to  complete  the 
process  of  fermentation.  After  fermentation  the  tobacco  must  be 
sized,  sorted  according  to  the  different  market  grades,  tied  up  in 
hands,  and  packed. 

CONNECTICUT  HAVANA  TOBACCO. 

• 

There  is  a  very  limited  amount  of  plant  food  in  tobacco  seed  on 
account  of  the  small  size  of  the  individual  seed,  so  that  the  reserve 
material  for  the  nourishment  of  the  young  plants  is  soon  exhausted; 
consequently  the  tobacco  seedlings  are  forced  to  prepare  their  own 
food  much  sooner  than  is  the  case  with  most  other  crops.  For  this 
reason  it  is  absoluteh^  necessary  for  tobacco  growers  to  get  the  soil 
and  plant  food  in  the  seed  beds  in  the  best  possible  condition  for  use 
by  the  young  plants  in  order  to  aid  the  slow -growing  young  plants 
during  the  critical  period  of  the  tirst  stages  of  growth.  The  seed  beds 
should  be  located  so  that  they  will  get  all  the  benefit  possible  from 
the  warm  rays  of  the  sun  during  the  early  spring  days,  as  well  as  pro- 
tection from  the  cold  north  and  northwest  winds  prevalent  at  that  time 
of  the  year.  A  southern  slope  where  good  drainage  can  be  secured 
is  preferable,  and  a  good,  rich,  and  friable  soil  is  desirable  for  the 
tobacco  seed  beds. 

As  a  rule  2(K)  square  feet  of  seed-bed  space  should  be  provided  to 
furnish  sufficient  seedlings  for  an  acre  of  tobacco,  although  if  the 
tobacco  is  to  be  transferred  at  different  periods  a  less  area  will  be  found 
to  be  sufficient.  The  seed  beds  are  generall}^  8  feet  wide  and  as  long 
as  is  necessary  to  furnish  sufficient  seedlings  for  the  field.  They  are 
usually  laid  out  from  east  to  west. 

The  framework  of  the  seed  bed  is  usually  made  of  2  by  12  inch 
boards,  set  in  the  ground  from  3  to  4  inches,  one  side  being  sunk  2 
inches  lower  than  the  other  in  order  that  the  sash  may  lie  over  the 
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top  of  it  in  a  slanting  position,  so  that  the  plants  will  receive  all  of 
the  sunlight  possible. 

The  best  method  of  covering  the  ))ed  is  by  means  of  glass  in  sash 
about  3  feet  wide  by  8  feet  long.  These  sash  are  laid  over  the  top  of 
the  framework  and  of  course  can  be  removed  at  any  time  when  it  is 
necessarv.  In  some  cases  heavv  cheese  cloth  or  tobacco  cloth  is  sub- 
stituted  for  the  glass  covering,  but  the  temperature  of  the  Ijeds  can 
not  \ye  regulated  so  well  as  with  the  glass  cover,  and  the  cloth  should 
not  be  used  where  very  early  plants  are  desired.  It  is  claimed  by  old 
tobacco  growers,  however,  that  the  plants  raised  under  cloth  are  more 
hard}^  than  those  raised  under  glass,  and  it  is  a  frequent  practice  to 
grow  the  early  plants  under  glass  and  the  later  seedlings  under  cloth. 
In  Plate  II,  figure  2,  are  shown  the  cloth  tent  seed  bed,  the  cloth- 
covered  cold-frame  seed  bed,  and  the  glass-covered  seed  bed,  which 
are  most  practicable  and  successful  for  the  raising  of  seedlings. 

When  it  is  necessary  to  water  the  seed  bed  the  sash  are  removed 
temporarily  and  the  water  is  applied  in  the  form  of  a  fine  spray.  As 
soon  as  the  watering  is  completed  the  sash  are  replaced  in  their  origi- 
nal positions.  If  it  becomes  necessary  to  air  or  cool  the  beds  one  or 
more  sash  can  be  raiijed  until  the  desired  object  is  accomplished. 

The  soil  for  the  seed  bed  should  be  a  light  sandy  loam,  as  free  from 
weed  seed,  fungous  diseases,  and  insect  pests  as  possible.  It  has  been 
found  that  by  sterilizing  the  soil  used  in  the  seed  bed  the  expense  of 
weeding  the  beds  can  be  done  away  with.  The  sterilization  of  the 
seed-bed  soil  results  in  the  production  of  better  plants  than  are  grown 
in  soil  which  has  not  been  sterilized  and  also  destroys  the  fungous 
spores  which  frequently  interfere  with  the  successful  raising  of  young 
plants.  In  Plate  III,  figure  2,  is  shown  a  simple  and  practicable 
method  of  sterilizing  the  soil  with  steam.  The  upper  6  inches  of 
the  soil  in  the  seed  beds  is  removed  and  placed  in  an  ordinary  wagon 
box,  in  the  bottom  of  which  three  perforated  pipes  are  laid  and 
attached  to  a  steam  boiler.  The  sterilization  process  requires  about 
40  minutes  for  each  wagon  box  of  soil,  the  time  being  determined  by 
placing  a  potato  in  the  soil  and  supplying  steam  until  the  potato  is 
baked.  A  large  quantity  of  surface  soil  in  the  seed  beds  can  be  steril- 
ized in  this  manner  in  a  compai*atively  short  time  with  little  expense. 

A  successful  method  of  heating  seed  beds  is  b\'  the  use  of  fresh 
horse  manure.  In  this  case  the  beds  should  be  dug  out  2  feet  deep 
about  a  week  before  the  time  for  sowing  the  seed.  The  fresh  manure 
should  be  packed  in  this  space  to  a  depth  of  1^  feet  and  covered  with 
6  inches  of  the  sterilized  soil.  Another  successful  method  of  heating 
the  seed  bed  is  by  the  use  of  hot- water  or  steam  pipes,  laid  around  the 
sides  of  the  bed  or  under  the  surface  of  the  soil.  General  experience 
has  proved,  however,  that  the  manure  beds  are  equal  in  value,  if  not 
sup<^rior,  to  the  artificially  heated  ones,  mainly  from  the  fact  that  the 
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heat  is  distributed  evenly  through  the  soil  in  the  seed  bed,  while  in 
the  case  of  hot-water  or  steam  pipes  the  surface  of  the  bed  or  the  air 
space  is  likel}'^  to  be  hot  while  the  soil  may  remain  cold  and  in  poor 
condition  for  the  growth  of  the  young  plants. 

The  soil  for  the  seed  beds  should  be  fertilized  with  a  highly  nitroge- 
nous fertilizer,  the  one  most  commonly  used  being  cotton-seed  meal 
in  combination  with  a  complete  fertilizer  containing  phosphoric  acid 
and  soluble  potash.  This  fertilizer  should  be  thoroughly  worked  into 
the  soil. 

In  prepfiring  the  soil  for  the  sowing  of  the  seed,  it  should  be  most 
carefully  handled,  so  that  at  the  time  of  sowing  it  is  in  a  fine,  loose,  and 
friable  condition,  with  an  even  surface.     As  the  tobacco  seed  is  ver3' 
small,  it  is  necessary  to  have  the  soil  in  the  finest  possible  tilth  in 
order  to  present  a  uniform  condition  for  the  seed.    During  the  growth 
of  the  young  plants  it  is  well  to  sprinkle  over  the  beds  a  light  drei<s- 
ing  of  nitrate  of  soda,  dissolved  in  water,  after  which  it  should  be 
washed  into  the  soil  with  a  light  and  tine  spray  of  watier.     It  is  some- 
times found  desirable  to  add  a  light  application  of  phosphorus,  in  the 
form  of  ground  bone  and  carbonate  of  potash,  if  the  soil  is  found  to 
be  deficient  in  these  elements  of  plant  food.     It  is  the  usual  practice 
in  the  North  to  sprout  half  of  the  quantity  of  seed  used  for  sowing 
in  moist  but  not  too  wet  apple-tree  punk  or  rotted  cocoanut  fiber 
about  one  week  before  the  time  for  sowing  the  bed.     For  this  pur- 
pose the  seed  is  thoroughly  mixed  with  the  punk  and  placed  in  a  glass 
jar,  which  should  be  kept  in  a  warm  room.     The  seed  will  sprout 
quickly  in  this  medium,  and  it  is  probable  that  earlier  plants  can  be 
secured  from  such  sprouted  seed  than  from  sowing  the  dry  seed  alone. 
The  sprouted  seed  should  be  sown  about  the  time  the  sprouts  are  one- 
eighth  to  one-fourth  inch  in  length.    Many  growers  sow  the  sprouted 
seed  as  soon  as  the  seed  coats  burst  and  the  sprouts  appear.     If  the 
sprouts  become  too  large  the}'  will  be  injured  during  the  process  of 
sowing.     An  equal  quantity  of  dry  seed  should  be  mixed  with  the 
sprouted  seed  when  the  beds  are  ready  for  sowing. 

It  hiis  been  found  by  comparativ^e  tests  made  by  the  Bureau  of  Plant 
Industry  that  in  most  cases  the  dry  seed  produces  plants  about  as 
early  as  the  sprouted  seed,  and  the  plants  from  the  dry  seed  are  more 
uniform  in  size  and  apparently  more  hardy  than  those  raised  from  the 
sprouted  and  dry  seed  combined.  In  oixler  to  get  an  even  distribution 
of  seed  over  the  seed  bed  in  sowing,  it  is  a  good  plan  to  mix  the  dry 
seed  and  the  sprouted  seed  with  several  times  its  bulk  of  land  plaster 
or  gypsum,  or,  if  this  is  not  obtainable,  corn  meal  or  ashes,  so  the 
seed  can  be  sown  more  evenh'  ov^er  the  bed.  One  to  two  tablespoon- 
fuls  of  seed  should  be  used  for  every  100  square  yards  of  seed-bed 
surface. 
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After  sowing  the  seed  it  is  desirable  to  pack  the  surface  of  the  bed 
caref  ull}'  with  a  roller  or  heavy  plank,  in  order  to  press  the  soil  closely 
about  the  seed.  Another  good  plan  is  to  cover  the  seed  by  lightly 
raking  the  surface  with  an  ordinary  garden  rake,  and  this  method  is 
preferred  by  many  experienced  growers.  It  has  been  found  in  the 
experiments  of  the  Bureau  of  Plant  Industry  that  the  light  seed  is 
undesirable  and  in  every  case  should  be  separated  from  the  heavy  seed 
and  discarded.  In  order  to  make  a  thorough  and  complete  separation, 
it  is  necessarj^  to  use  some  form  of  a  wind-blast  machine  which  will 
blow  out  the  light  seed  without  throwing  out  the  heavy  seed  at  the 
SBLine  time.  In  Plate  IV,  figure  1,  is  shown  a  satisfactor}'  seed  separa- 
tor, by  the  use  of  which  the  light  seed  can  be  separated  from  the  heavj^ 
seed  and  discarded,  and  the  heavy  seed  used  for  sowing  the  seed  beds. 
The  heavy  seed  produces  the  most  vigorous  and  uniform  young  plants 
in  the  seed  beds,  as  shown  in  Plate  IV,  figure  2,  and  these  plants  are 
most  desirable  for  use  in  the  case  of  all  varieties  of  tobacco. 

The  Havana  seed  varietv  of  tobacco  is  usuallv  sown  in  the  seed  bed 
from  the  middle  of  March  to  the  middle  of  April,  and  the  plants  are 
ready  for  setting  out  from  these  beds  from  May  10  to  June  10. 

One  of  the  most  important  points  in  the  raising  of  a  successful  crop 
of  tobacco  is  the  care  of  the  seed  bed  in  the  production  of  the  seedlings. 
It  is  necessary  to  water  the  seed  bed  frequently,  usually  once  or  twice 
every  day  during  the  early  stages  of  growth.  If  the  beds  are  arti- 
ficially heated,  warm  water  should  be  used  for  this  watering  process, 
as  cold  water  cools  the  beds  and  checks  the  growth  of  the  young  plants. 
The  surface  of  the  seed  bed  should  not  be  allowed  to  become  dry,  as  a 
few  hours  of  dry  surface  will  kill  all  of  the  young  plants.  The  w^ater 
should  be  supplied  in  the  form  of  a  light  spray,  in  order  not  to  disturb 
the  seed  or  the  young  plants  in  the  bed  or  to  pack  the  soil  so  that  in 
drying  it  will  cake  and  injure  the  plants. 

The  temperature  of  the  hotbeds  should  be  carefully  regulated,  and 
in  no  case  allowed  to  rise  above  100^  F.  during  the  da\'  or  fall  below 
70^  F.  during  the  night.  If  it  is  possible  to  maintain  an  even  tem- 
perature the  plants  will  make  the  most  rapid  growth,  but  it  is  a  ques- 
tion whether  they  will  be  as  hardy  as  when  subjected  to  the  fluctuating 
temperatui'es  corresponding  to  the  natural  changes  between  night  and 
day.  The  beds  can  be  cooled  when  necessary  by  raising  the  sash  if 
the  temperature  rises,  or  the  temperature  can  be  raised  at  night  by 
using  lanterns  set  5  or  6  feet  apart  in  the  seed  bed  and  by  covering  the 
sash  with  heavy  cloth,  such  as  ordinarj^  blankets,  in  order  to  retain 
the  heat.  After  the  young  plants  reach  the  proper  size  for  setting 
out,  usually  from  5  to  6  weeks  after  sowing  in  the  seed  bed,  the  sash 
can  be  taken  off  most  of  the  time  during  the  day  and  the  beds  watered 
only  when  the  plants  begin  to  wilt.     If  the  plants  come  up  too  thick 
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in  any  portion  of  the  seed  bed,  they  should  be  thinned  out  by  usin^ 
an  ordinary  garden  rake  and  pulling  it  through  the  thickly  set  plants. 
Sufficient  plants  will  be  removed  in  this  way,  and  those  which  remain 
will  not  be  injured  by  the  thinning  process,  but  will  be  benefited  by 
the  stirring  of  the  surface  soil.  It  is  also  necessary  to  keep  out  all 
weeds,  carefully  pulling  them  as  soon  as  they  appear  among  the  tobacco 
plants.  Before  pulling  the  weeds,  the  beds  should  be  thoroug-hly 
watered.  If  flea-beetles  or  other  biting  insects  attack  the  young 
plants  in  the  seed  bed,  the  plants  should  be  sprayed  with  a  Paris  green 
mixture  at  the  rate  of  1  pound  of  Paris  green  and  an  equal  quantity  of 
quicklime  to  100  gallons  of  water.  If  fungous  diseases  begin  to  grow 
in  any  portion  of  the  seed  bed,  it  should  be  thoroughly  aired  by  rais- 
ing the  sash  during  the  day,  and  if  this  method  does  not  check  the 
growth  of  the  fungus  the  beds  should  be  sprayed  with  a  solution  of 
formalin — 1  part  of  formalin  to  2,000  parts  of  water.  An  application 
of  lime  dusted  over  the  beds  will  also  assist  in  preventing  the  spread  of 
fungous  diseases. 

The  preparation  of  the  field  for  the  plants  should  be  begun  in  the 
autumn,  if  possible,  by  plowing  the  land  2  or  3  inches  deep  and  sowing 
a  cover  crop,  such  as  vetch  or  some  other  legume.  These  leguminous 
cover  crops  not  only  prevent  washing  and  loss  of  fertility  during  the 
heavy  rains  of  the  fall  and  winter,  but  increase  the  fertility  of  the  soil 
through  the  addition  of  the  nitrogen  in  the  tubercles  of  these  plants 
and  by  reason  of  their  extensive  root  development,  which  tends  to 
break  up  and  put  the  soil  in  the  best  possible  tilth  for  the  3'oung  plants. 
In  the  spring  the  land  should  be  replowed,  care  being  used  to  see  that 
the  cover  crop  is  thoroughly  plowed  under,  with  an  application  of 
well-rotted  stable  manure  at  the  rate  of  12  to  15  tons  to  the  acre. 

In  addition  to  the  use  of  stable  manure,  it  has  been  found  that  the 
following  or  a  similar  fertilizer  should  be  used  in  order  to  secure  the 
best  results:  One  ton  of  cotton-seed  meal,  200  pounds  of  carbonate  of 
potash,  500  pounds  of  starter,  and  1  barrel  of  lime  to  the  acre.  This 
commercial  fertilizer  should  be  sowed  on  the  land  after  plowing  and 
worked  into  the  soil  with  a  disk  or  by  some  other  means  of  thorough 
stirring  before  the  young  plants  are  transplanted  into  the  field.  WTien 
the  young  plants  are  pulled  from  the  seed  beds  the  bed  should  l>e 
thoroughly  wet  down  before  pulling,  in  order  that  as  little  injury  to 
the  plants  as  possible  may  be  inflicted  during  the  process  of  pulling. 
The  plants  are  usually  set  out  with  a  tobacco  setter,  such  as  is  shown 
in  Plate  III,  figure  1.  If  possible,  it  is  desirable  to  transplant  after  a 
shower  or  during  a  moist  spell  of  weather,  as  the  hot  sun  on  the  j^oung 
plants  in  the  fields  is  likely  to  cause  considerable  injury.  Immediately 
after  transplanting,  the  young  plants  should  be  dusted  with  a  bran 
mash  and  Paris  green  mixture  made  by  mixing  thoroughly  1  pound  of 
Paris  green  with  100  pounds  of  bran.     This  mixture  c^n  be  applied  to 
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the  plants  by  ducting  through  a  i>ei*foi*ated  tin  box,  or  in  some  cAses  a 
small  fertilizer  sower  is  used  for  this  purpose. 

In  transplanting  the  young  plants  from  the  seed  l>ed  it  is  desirable 
to  make  a  selection  of  the  best  and  most  vigorous  plants.  At  this 
early  stage  of  growth  the  differences  in  shape  of  leaf  can  be  detected 
by  an  inspection  of  the  seedlings.  For  the  Havana  Seed  variety  the 
plants  should  be  set  in  rows  3  feet  3  inches  apart,  and  the  plants  should 
be  set  18  inches  apart  in  the  row.  If  the  plants  are  set  by  hand  great 
care  should  be  used  not  to  bend  or  otherwise  injure  the  roots  of  the 
young  plants,  as  such  injury  may  result  in  a  diseased  condition  of  the 
plant,  making  it  almost  worthless  for  wrapper  purposes. 

In  cultivating  the  field  a  shallow  or  surface  cultivator  should  be 
used  and  the  soil  kept  stirred  frequently  in  order  to  conserve  soil 
moisture,  as  well  as  to  remove  all  weeds.  It  is  usuallv  found  neces- 
sary  to  hoe  the  field  once  or  twice  during  the  early  stages  of  growth 
in  order  to  remove  all  of  the  weeds  and  to  loosen  the  soil  around  the 
young  plants  and  keep  it  in  the  best  possible  condition  for  their  most 
favorable  growth. 

When  the  plants  begin  to  bud  all  except  the  individual  plants  saved 
for  seed  purposes  should  be  topped.  No  very  definite  I'ule  can  be 
given  for  this  process,  but  it  is  the  custom  to  break  the  tops  off  the 
plants  just  below  the  first  seed  sucker.  As  a  rule  the  height  of  top- 
ping must  be  governed  by  local  conditions,  such  as  the  soil  fertility 
and  the  season.  In  most  cases  two  or  three  of  the  top  leaves  are 
removed  in  topping.  It  is  necessary  to  remove  the  suckers  before 
they  reach  suflicient  size  to  seriously  injure  or  dwarf  the  plant  or  inter- 
fere with  the  development;  of  the  leaves.  It  will  usually  be  found 
necessary  to  remove  the  suckers  two  or  three  times  during  the  season 
in  order  to  keep  the  plants  free  from  these  injurious  branches. 

It  has  been  found  in  the  tobacco-breeding  investigations  that  by 
selecting  seed  from  plants  having  few  suckers,  sucker-resistant  types  of 
tobacco  can  be  secured,  and  it  is  recommended  that  in  the  case  of  all  of 
the  wrapper  varieties  of  tobacco,  particularly  the  Havana  Seed  tobacco, 
such  a  plan  of  seed  selection  be  followed.  In  saving  seed  from  care- 
fully selected  plants  the  flower  clusters  should  be  covered  with  a  light 
and  strong  paper  bag  before  any  of  the  blossoms  open,  in  order  to 
prevent  accidental  cross-fertilization.  These  bags  should  be  of  light 
but  strong  paper,  and  should  be  kept  in  good  condition  and  moved  up 
the  stalks  occasionally  so  as  not  to  allow  the  ))ags  to  injure  the  tops  of 
the  plants  in  any  way.  These  bags  should  remain  over  the  seed  head 
until  all  of  the  flowers  that  are  to  be  used  for  seed-saving  purposes 
have  been  fertilized,  after  which  the  bags  can  be  removed  and  the  seed 
allowed  to  mature  in  the  open. 

The  time  for  harvesting  this  variety  of  tobacco  varies  with  the  sea- 
son, but  the  ripeness  of  the  leaves  can  be  distinguished  by  the  devel- 
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opment  of  irregular,  light  yellowish  colored  patches  over  the  surface 
and  a  thickening  of  the  body  of  the  leaves.  By  crumpling  the  leaf, 
if  the  surface  breaks  in  straight  lines,  or  ''cracks/'  as  the  old  growers 
are  accustomed  to  call  it,  the  leaf  is  said  to  be  in  proper  shape  for 
cutting. 

The  plants  are  usually  cut  with  a  regular  tobacco  hatchet  or  knife 
and  are  strung  on  laths,  as  shown  in  Plate  V,  figure  1.  Five  or  six  plants 
are  usually  strung  on  each  lath,  after  which  the}^  are  hauled  to  the 
sheds  in  wagons  specially  prepared  for  this  purpose.  A  wagon  with 
special  rack  ari^anged  for  tmnsporting  the  plants  from  the  field  to  the 
curing  shed  is  shown  in  Plate  V,  figure  2.  These  laths  are  usually  4 
feet  in  length,  and  are  so  hung  in  the  curing  shed  that  a  space  is  left 
between  each  plant  in  order  to  get  a  circulation  of  air.  A  common 
type  of  curing  shed  filled  with  tobacco  is  shown  in  Plate  VI,  figure  2. 

The  curing  process  requires  as  a  rule  from  4  to  6  weeks.  The 
manipulation  of  the  barn  or  curing  shed  during  this  period  is  entirely 
governed  by  the  conditions  of  weather  and  the  nature  of  the  tobacco, 
so  that  no  fixed  rules  can  be  given.  However,  in  a  general  way  it  can 
be  said  that  if  the  barn  is  filled  with  green  tobacco  and  the  weather  is 
hot  and  dry  the  ventilators  should  be  open  most  of  the  time  for 
about  3  days,  by  which  time  the  tobacco  should  begin  to  yellow.  The 
ventilators  should  only  be  closed  to  prevent  too  rapid  curing  during 
this  period.  The  barn  should  then  be  opened  at  night  and  kept  closed 
during  the  day.  This  is  done  to  prevent  too  rapid  curing,  which 
destroys  the  life  of  the  leaf  and  produces  uneven  colors  in  the  tobacco. 
If  there  are  frequent  showers  and  but  little  sunshine  the  barn  should 
be  kept  closed,  and  if  there  are  indications  of  pole-burn  or  pole-sweat, 
small  fires,  at  least  two  in  every  bent  in  the  shed,  should  be  started. 
In  order  to  dry  out  the  tobacco  in  as  short  a  time  as  possible,  these 
fires  should  be  distributed  throughout  the  shed  and  the  tobacco  above 
the  fires  protected  by  hoods.  The  best  material  for  making  these 
fires  is  probably  charcoal  or  coke,  but  if  these  two  materials  can  not 
be  used  soft  pine  wood  may  be  found  to  be  satisfactory.  In  no  case 
should  hard  wood  be  used,  as  certain  odors  are  giv^en  off  which  it  is 
impossible  to  get  out  of  the  tobacco,  and  these  injure  the  quality  and 
the  sale  of  the  crop.  To  get  the  best  results,  the  tobacco  during  the 
curing  process  should  be  kept  fairly  moist  and  fairly  dried  out  once  in 
every  24  hours. 

After  the  curing  process  has  been  finished  the  tobacco  is  usually 
sorted  according  to  grade  and  color  as  laid  down  bj'  the  tobacco  trade. 
The  tobacco  is  then  arranged  in  hands  and  packed  in  cases,  where  it  is 
allowed  to  go  through  natural  fermentation,  or  it  is  placed  in  a  room 
which  can  l)e  heated  and  is  there  put  through  a  forced  sweat.  If  the 
natural  fermentation  takes  place  it  usually  does  not  begin  until  the 
warm  weather  of  the  succeeding  summer.     Great  care  must  be  used 
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ill  the  fermenting  processes  that  the  tobacco  is  not  damaged  by  the 
spread  of  fungous  diseases,  mold,  or  other  causes  of  injury  to  tobacco 
in  cases.  The  cases  are  usually  arranged'to  hold  about  850  pounds  of 
tobacco. 

CONNECTICUT  BROADLEAF  TOBACCO. 

The  methods  of  sowing  the  seed,  preparation  of  the  seed  beds,  and 
treatment  of  the  ))eds  are  practically  the  same  for  the  Connecticut 
Broadleaf  as  in  the  case  of  the  Connecticut  Havana  variety.  Many 
of  the  growers  in  the  Connecticut  Valley  prefer  the  tent  cover  for  the 
seed  beds  for  this  variety,  two  forms  of  which  are  shown  in  Plate  II, 
tij^ure  2.  The  advantage  in  the  cheese-cloth  or  light-muslin  cover  for 
the  seed  bed  lies  in  the  fact  that  plants  grown  under  such  conditions 
are  as  a  rule  more  hardy  than  plants  raised  under  glass.  As  the 
Broadleaf  plants  make  a  very  rapid  growth  in  the  seed  bed  and  field, 
hotbeds  for  the  production  of  early  seedlings  are  not  as  essential  as 
with  other  slower  growing  varieties.  To  sow  the  seed  mix  one  table- 
spoonful  for  ever}^  hundred  square  yards  of  seed  bed  with  2  quarts  of 
ashes  or  meal  in  order  to  get  an  even  sowing,  and  lightly  rake  the 
surface  of  the  bed  so  as  to  barely  cover  the  seed.  If  the  seed  is  cov- 
ered too  deep,  it  will  not  germinate. 

The  seed  bed  should  be  kept  moist,  but  not  too  wet,  as  too  much 
water  not  onl}^  injures  the  seed,  but  favors  the  development  of  fungous 
diseases.     In  about  two  weeks  after  sowing,  the  young  plants  will 
appear,  but  at  this  time  they  make  a  very  slow  growth,  as  the  plant 
food  in  the  seed  has  been  e^ihausted  and  the  plants  must  meet  new 
conditions.     At  this  stage,  if  the  surface  of  the  bed  dries  out,  the 
young  plants  will  be  killed,  so  that  it  is  absolutely  necessary  to  use 
the  greatest  possible  care  in  watering  the  beds.     After  the  3'Oung 
plants  have  developed  root  systems  and  become  established  for  inde- 
pendent growth  they  make  a  very  rapid  growth,  and  it  is  usually 
desirable  to  apply  liquid  manure.     If  the  seedlings  begin  to  turn 
yellow,  it  is  a  sign  that  more  plant  food  is  necessary,  and  this  can  be 
applied  in  liquid  form.     The  young  plants  should  be  set  out  when  the 
leaves  are  about  fiv'e  inches  long.     Large   plants  are  not  desirable, 
as  they  grow  spindling,  while  very  small  plants  are  likely  to  die  after 
transplanting  if  an}"  unfavorable  conditions  develop.    In  transplanting, 
the  beds  should  be  thoroughly  watered  before  pulling  the  plants  in 
order  to  avoid  disturbing  or  injuring  the  roots.     After  pulling  the 
plants  they  should  be  placed  in  a  basket,  roots  downward,  and  set  in  a 
shaded,  cool  place  until  set  out  in  the  field. 

The  preparation  of  the  land  for  planting  should  be  thorough,  and 
the  soil  should  be  in  as  good  tilth  as  possible.  Cover  crops,  such  a^ 
vetch,  are  desirable  for  plowing  under.  A  disk  cultivator  is  a  good 
implement  to  fine  the  surface  soil,  after  which  the  land  should  be  fitted 
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with  drag  and  harrow,  in  order  to  get  the  surface  as  level  and  tine  as 
possible.  The  land  is  usualh'^  fertilized  with  well-rotted  barnyard 
manure,  at  the  rate  of  from  8  to  12  tons  per  acre,  plowing  it  under  in 
the  spring.  Frequently  tobacco  stems,  at  the  rate  of  from  5<K)  to  (>C>0 
pounds  per  acre,  are  used  as  a  fertilizer  in  the  Broadleaf  sections. 
Most  crops  of  Broadleaf  tobacco  are  grown  on  these  fertilizers  alone, 
but  in  recent  years  the  growers  have  begun  to  apply  about  1  ton  of 
cotton-seed  meal,  200  pounds  of  carbonate  of  potash,  and  from  1  to  2 
barrels  of  lime  per  acre  in  addition  to  the  usual  tobacco  starter. 

The  seedlings  of  the  Broadleaf  variety  are  usually  set  in  rows  4  feet 
apart  and  the  plants  from  22  to  24  inches  apart  in  the  rows.  In  all 
cases  water  should  be  used  in  transplanting,  even  if  the  ground  be 
moist.  If  the  plants  are  set  by  hand,  one  person  distributes  the  plants 
at  the  proper  distance  along  the  rows,  follow^ed  by  a  man  or  boy  who, 
with  a  round  stick,  makes  a  hole  for  the  plants.  A  third  person  .sets 
the  plants  in  the  holes  and  presses  the  soil  firmly  about  the  roots, 
leaving  the  surface  of  the  soil  as  loose  as  possible.  As  the  plants  are 
set  in  the  holes,  a  cupful  of  water  should  be  poured  into  the  holes, 
and  some  growers  prefer  to  add  water  to  the  plants  directly  after  they 
are  set,  although  this  practice  leaves  the  soil  about  the  plants  in  such 
condition  as  to  bake,  especially  during  a  hot,  dry  day. 

The  object  of  the  cultivation  of  the  field  is  to  keep  the  soil  in  as 
good  condition  as  possible  and  to  prevent  the  growth  of  weeds  and  the 
loss  of  soil  moisture.  In  most  cases  a  loose  mulch  should  be  main- 
tained by  frequent,  shallow,  level  cultivation.  As  the  plants  grow,  the 
soil  should  be  stirred  with  a  hoe  around  the  plants.  One  of  the  best 
cultivators  is  called  the  Prout  hoe,  which  is  adjustable  to  the  width  of 
the  rows,  the  small  shovels  leaving  the  surface  with  a  fine  even  texture. 

The  topping  process  is  necessary  in  order  to  direct  the  strength  of 
the  plant  into  the  dev^elopment  of  the  leaves.  After  topping,  the  sur- 
face of  the  leaves  very  rapidly  increases,  the  leaves  thicken,  and  the 
ripening  processes  are  hastened.  The  Broadleaf  plants  are  usually 
topped  })elow  the  first  large  sucker.  If  it  is  found  desirable  to  hasten 
the  ripening  process,  the  plants  are  topped  low,  while  if  necessarj'  to 
prevent  the  development  of  too  thick  leaves  the  plants  should  be 
topped  high.  Usually  the  topping  process  is  delayed  until  most  of 
the  flower  buds  appear,  so  that  the  topping  can  all  be  done  in  one 
operation,  but  many  growers  prefer  to  remove  the  buds  as  soon  as 
they  appear,  going  over  the  field  later  and  topping  to  the  desired 
height.  As  soon  as  the  suckers  appear  they  should  be  broken  oflf,  and 
in  order  to  do  this  effectivelv  it  is  necessarv  to  ^o  over  the  field  once 
a  week  after  the  plants  have  been  topped. 

The  time  to  harvest  the  crop  can  only  })e  determined  bj^  experience 
with  the  strain  whi(*h  is  grown.  As  a  rule,  a  ripe  leaf  has  a  rough 
feeling  to  the  touch,  and  there  is  a  change  in  the  color  of  the  leaf  from 
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a  dark  tea  lighter  green;  also,  by  folding  the  leaf  ))etween  the  fingers 
a  ripe  leaf  will  break  easily.  In  the  Broadleaf  variety  the  plants  are 
usually  cut,  and  as  all  the  leaves  on  a  plant  are  not  ripe  at  one  time, 
it  is  necessary  to  harvest  the  crop  when  the  majority  of  the  leaves  are 
in  the  proper  condition  or  about  the  time  that  the  middle  leaves  are 
ripe.  Overripe  leaves  lose  their  elasticity  and  strength,  and  are  not 
suitable  for  cigar  wrappers.  The  plants  are  speared  on  4- foot  laths, 
using  a  deta(*hable  iron  spearhead  fitted  in  the  end  of  the  lath,  as  shown 
in  Plate  V,  figure  1,  placing  from  4  to  6  plants  on  each  lath. 

The  Broadleaf  tobacco  is  air  cured,  the  process  taking  about  six 
w^eeks.  After  harvesting,  the  plants  are  immediately  hung  in  the  barn, 
and  the  temperature  and  humidity  of  these  sheds  must  be  closely 
watched  and  controlled  bv  means  of  the  ventilators.  If  the  leaf  cures 
too  rapidly  the  ventilators  should  be  opened  on  moist  days  and  nights 
and  closed  on  dry  days.  If  the  curing  process  proceeds  too  slowly  or 
the  tobacco  is  liable  to  injury  from  pole-burn  or  other  fungous  dis- 
eases, the  ventilators  should  be  opened  on  dry  da3^sand  closed  on  moist 
da^'s  and  at  night.  In  long-continued  damp  spells  of  weather,  when 
the  tobacco  can  not  be  dried  out  by  opening  the  ventilators  during  the 
day^  small  fires  of  soft  pine  or  charcoal  should  be  used  to  drive  off  the 
excess  of  moisture  and  raise  the  temperature  in  the  barns. 

The  Broadleaf  tobacco  is  usuallv  fermented  in  cases  holdinij:  about 
three  hundred  pounds,  the  hands  of  tobacco  being  laid  in  these  cases 
with  the  butts  of  the  hands  on  the  outside  and  the  tips  in  the  center. 
The  tobacco  is  then  pressed  down  under  moderate  pressure,  the  tops 
of  the  boxes  screwed  on,  and  the  cases  kept  in  a  room  having  an  even 
temperature. 

CUBAN   TOBACCO. 

Cuban  tobacco  is  grown  without  shade  when  used  a.s  a  filler  for 
domestic  cigars.  The  percentage  of  wrappers  in  this  outdoor  crop 
is  not  large,  but  when  the  leaves  are  primed  the  percentage  of  wrappers 
is  considerably  increased.  The  preparation  and  care  of  the  seed  beds 
and  methods  of  cultivation  are  about  the  same  as  in  the  case  of  the 
Sumatra  variety.  The  rows  in  the  field  are  arranged  about  3  feet  4 
inches  apart  and  the  plants  set  about  l-i  inches  apart  in  the  row.  A 
greater  distance  results  in  thick,  heavy  leaves.  If  the  plants  are  set  too 
close  the  leaves  are  too  thin  and  lacking  in  body  for  filler  purposes. 

No  definite  rule  can  be  laid  down  as  to  the  proper  number  of  leaves 
to  be  left  on  the  stalk  when  the  plants  are  topped.  This  number  varies 
with  the  height  of  the  plant  and  the  climatic  conditions  during  the 
season.  From  14  to  16  leaves,  however,  are  considered  desirable  dur- 
ing the  ordinary  season.  The  suckers  begin  to  appear  very  soon 
after  topping  and  should  be  removed  every  8  or  10  days  or  once  a 
week  when  rains  are  fretjuent. 
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Worms  are  usually  very  troublesome  on  this  variety  of  tobacco 
and  must  be  picked  off  and  destroyed  as  soon  as  they  appear,  or  they 
can  be  poisoned  with  a  very  light  spray  of  Paris  green  mixture.  The 
"powder  gun"  has  come  into  general  use  and  is  rapidly  replacing  the 
spray  pump  for  poisoning  the  hornworm  and  budworm.  The  growers 
who  still  employ  the  spi'ay  pump  use  1  pound  of  Paris  green  and  an 
equal  quantity  of  quicklime  to  100  gallons  of  water,  this  being  suffi- 
ciently strong  to  kill  the  horn  worms  without  injuring  the  leaves.  If 
a  stronger  solution  is  used  there  is  danger  of  burning  the  leaves,  so 
that  patches  of  green  will  appear  after  curing.  A  mixture  of  1  pound 
of  Paris  green  to  30  pounds  of  lime  or  land  plaster  is  recommended 
for  use  in  the  powder  gun. 

The  manner  of  harvesting  the  southern  Cuban  tobacco  is  essentially 
the  same  as  that  practiced  with  the  Connecticut  Havana  Seed  tobacco. 
The  number  of  plants  to  the  lath,  however,  may  be  increased  to  8  or  10, 
where  the  growth  is  comparativ-ely  small. 

Some  growers  prefer  to  prime  the  Cuban  tobacco.  This  process  is 
more  expensive,  but  a  thinner  leaf  is  obtained,  which  makes  it  possi- 
ble to  use  a  certain  percentage  of  leaves  for  wrapper  purposes.  There 
are  no  advantages  in  this  system  over  the  present  method  of  cutting 
the  plants  so  far  as  the  production  of  a  filler  leaf  is  concerned. 

Where  the  soil  has  been  abundantlv  fertilized  and  the  season  is 
favorable,  a  profitable  second  crop  of  filler  can  be  grown,  which  is 
commonl}^  called  a  "sucker  crop."  A  week  after  cutting,  all  the  suck- 
ers should  be  broken  off  the  old  stump  with  the  exception  of  one, 
which  is  to  be  allowed  to  remain  and  mature.  It  should  be  handled  in 
exactly  the  same  way  as  the  original  crop.  The  sucker  crop  ordi- 
narily produces  about  one-half  the  yield  of  the  main  crop.  Insect** 
are  always  very  much  worse  late  in  the  season  and  become  ver}- 
troublesome  in  the  sucker  crop. 

ZIMMER   SPANISH    AND   LITTLE   DUTCH   TOBACCOS. 

The  preparation  and  care  of  the  seed  bed  for  Zimmer  Spanish  and 
Little  Dutch  varieties  should  be  the  same  as  given  for  Connecticut 
Havana  tobacco.  The  prepai'ation  of  the  soil  and  the  methods  of  trans- 
planting and  cultivating  are  the  same  as  those  given  for  Connecticut 
Havana.  The  plants  should  be  set  in  rows  3  feet  apart  and  the  seed- 
lings set  from  15  to  20  inches  apart  in  the  rows.  The  plants  should 
be  topped  so  as  to  leave  about  IT)  leaves  for  each  plant.  The  average 
yield  of  the  Zimmer  Spanish  variety  is  about  600  pounds  to  the  acre, 
while  the  yield  of  the  Little  Dutch  v^ariety  is  considerably  less.  The 
methods  of  harvesting,  curing,  and  fermenting  are  essentially  the 
same  as  those  for  the  Connecticut  Havana  variety. 
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MARYLAND   SM()KI\<}    TOBACCO. 

The  Heed  bed  should  be  located  on  a  dark,  friable,  loamy  soil  with 
a  southern  exposure.  The  plants  may  be  easily  watered  if  the  seed 
bed  be  located  near  a  brook.  The  old  method  of  ))urning  the  seed 
bed  has  been  largely  abandoned,  but,  if  used,  care  should  be  taken  to 
burn  on  I  >'  small  timber  and  brush.  A  large  (luuntity  of  ashes  is  detri- 
mental to  the  growth  of  the  young  plants.  All  trees  within  30  or  35 
feet  should  be  cut  down  and  piled  on  the  north  and  west  sides  of  the 
seed  bed  for  a  partial  protection  against  the  cold  winds. 

The  proper  time  for  preparing  and  sowing  the  seed  bed  is  from 
February  1  to  March  30.  The  }>ed  should  be  spaded  to  a  depth  of  4 
or  5  inches,  and  all  roots  and  tufts  carefully  removed.  The  soil 
must  be  thoroughly  pulverized  with  garden  hoes,  hand  rakes,  or  other 
suitable  implements.  Before  the  last  stirring  an  application  of  a  highly 
nitrogenous  fertilizer  should  be  evenly  distributed  over  the  bed  and 
thoroughly  incorporated  into  the  soil.  A  mixture  of  50  pounds  of 
nitrate  of  soda,  40  pounds  of  fine-ground  bone,  and  10  pounds  of  car- 
bonate of  potash,  applied  at  the  rate  of  30  pounds  per  s(|uare  rod,  is 
highly  recommended. 

Sow  the  seed  at  the  rate  of  two  tablespoonfuls  to  the  square  rod. 
It  can  best  be  uniformlv  distributed  over  the  bed  bv  mixing  with 
wood  ashes  or  land  plaster,  dividing  it  into  two  ecjual  parts,  and  sow- 
ing half  of  it  over  the  bed  crosswise  and  the  other  half  lengthwise. 
The  sides  of  the  bed  should  })e  from  8  to  10  niches  high,  and  wires 
8  feet  apart  should  be  stretched  across  it.  The  beds  can  be  covered 
with  light  cheese  cloth  or  toba<5co-bed  cloth,  after  the  seed  has  been 
sowed.  The  covering  serves  as  a  protection  against  the  ravages  of  the 
flea-beetles  and  other  insects,  provided  there  are  no  Open  spaces  around 
the  bed.  All  weeds  and  grass  should  be  removed.  It  is  seldom 
necessary  to  water  the  plant  beds,  except  in  the  case  of  unusually  dry 
weather.  Water  at  this  time  is  very  essential.  It  should  be  applied 
as  in  the  northern  seed  beds,  but  less  frequently,  it  being  seldom 
necessary  to  water  the  beds  more  than  twice  a  week. 

In  most  cases  it  is  advisable  to  replenish  the  plant  food  with  a  top- 
dressing  or  fertilizer  of  the  same  composition  as  that  of  the  tirst  appli- 
c4ition.  This  should  be  applied  in  liquid  form,  wherever  it  is  possible 
to  wash  it  in  thoroughly;  otherwise  it  is  most  important  to  top-dress 
the  beds  only  during  hot,  dry  days.  The  top-dressing  should  be  used 
when  the  plants  are  from  2  to  3  inches  high.  Where  cloth  is  not  used 
for  a  covering,  the  beds  must  be  closely  guarded  against  the  attacks  of 
the  flea-beetle.  When  this  insect  first  makes  its  appearance  the  plants 
should  be  treated  with  Paris  green  at  the  rate  of  I  pound  to  30  pounds 
of  land  plaster.     The  cloth  covering  should  be  removed  from  the  beds 
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at  least  a  week  before  transplanting  to  prevent  the  injurious  effect  of 
the  radical  change  from  the  seed  bed  to  the  open  field. 

Maryland  tobacco  is  transplanted  from  Ma\"  lo  to  June  15.  Care 
must  be  used  to  wet  the  seed  bed  down  thoroughly  l)efore  drawing 
the  plants,  thus  protecting  the  roots  from  injury.  The  mottled  or 
mosaic  tobacco,  so  common  in  Maryland  tobacco  tields,  is  frequently 
due  to  the  practice  of  drawing  the  plants  when  the  soil  is  not  thor- 
oughly moistened.  This  variety  should  he  set  in  the  field  in  rows  3i 
feet  apait  and  the  plants  20  to  35  inches  apart  in  the  row. 

Tobacco  should  be  preceded  by  a  leguminous  crop  of  some  kind, 
hairy  vetch  being  highly  recommended  for  this  purpose.  In  addition 
to  the  nitrogen  from  the  leguminous  crop  a  fertilizer  rich  in  potash 
and  containing  a  moderate  amount  of  phosphoric  acid  should  be  added 
l^efore  transplanting.  The  best  stand  is  o!)tained  in  the  field  where 
the  land  has  been  plowed  deeply  and  harrowed  several  times,  thus 
leaving  a  thoroughly  pulverized  soil  for  the  reception  of  the  plants. 
The  methods  of  cultivation,  topping,  suckering,  and  harvesting  are 
essentiallv  the  same  as  in  the  case  of  the  Connecticut  Havana  variety. 

NORTH   CAROLINA,  TENNKSSKK,  AND    VIRCUNIA   TOBACCOS. 

The  methods  of  sowing  the  seed  and  of  preparing  and  caring  for  the 
seed  })ed  are  the  same  in  the  case  of  North  Carolina,  Tennessee,  and 
Virginia  tobaccos  as  those  used  by  the  Maryland  growers.  The  seeiU 
however,  may  be  sown  at  least  a  month  earlier  than  in  Maryland. 

Two  systems  of  harvesting  are  in  general  use,  lK)th  of  which  have 
certain  advantages.  One  of  these  systems  is  to  prime  the  leaves  as 
fast  as  they  ripen  and  string  them  on  laths,  allowing  30  to  32  leaves  to 
a  lath.  The  other  and  more  common  system  is  to  cut  the  entire  stalk 
and  cure  the  leaves  on  it,  as  is  done  with  the  Connecticut  Havana 
variety. 

The  North  C-arolina,  Tennessee,  and  Virginia  tobaccos  ai*e  usually 
flue  cured  or  fire  cured,  for  which  purpose  a  special  type  of  barn  i> 
used.  The  (»ssential  points  of  this  barn  are  that  it  be  practically  air- 
tight and  provided  with  one  or  two  furnaces  having  flues  leading  up 
through  the  center  of  the  barn,  giving  a  large  heating  surface.  There 
should  be  at  least  two  small  ventilators  on  or  near  the  to])  of  the  barn. 

As  soon  as  the  barn  is  filled  with  to})acco,  fires  should  be  started  and 
the  temperature  raised  to  {)()-  F.,  where  it  should  remain  from  24  to 
30  hours,  during  which  time  the  tobacco  becomes  a  uniformh'  bright 
yellow.  The  next  st(»p  in  curing  is  to  raise  the  temperature  from  5»U^ 
to  120-  F.  for  15  to  20  hours.  This  pro(»ess  is  commonly  known  as 
''fixing  the  color.''  Then  the  tt^mperature  may  be  increased  gradu- 
ally to  125  F.,  at  which  point  it  should  be  maintained  for  about  4h 
hours.     Hv  this  time  the  leaves' should'be- almost,  if  not  entirely,  vel- 
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low,  but  the  stalk  will  still  be  green.  In  order  to  cure  out  the  stalk, 
the  temperature  can  be  raised  to  175^  F.,  at  the  rate  of  5  degrees  an 
hour,  where  it  should  remain  until  the  stalks  are  thoroughly  dried. 
Great  care  must  be  taken  during  the  entire  process  of  curing  not  to 
allow  the  temperature  to  fall,  for  a  lowering  of  the  temperature  dur- 
ing the  process  of  curing  invariably  produces  discolorations  in  some 
parts  of  the  leaf. 

WHrrE   BURLEY  TOBACCO. 

The  seed  bed  should  have  a  slightly  southern  exposure  in  order  to 
get  the  benefit  of  the  warm  rays  of  the  sun  in  the  early  spring,  and 
the  beds  should  be  protected  from  cold  winds.  The  best  soil  for  the 
White  Burley  tobacco  is  a  rich,  friable,  virgin  loam  or  sandy  soil. 
The  best  plan  Is  to  burn  and  prepare  the  seed  bed  on  old  sod  lands. 
Many  farmers  sele(^t  a  spot  in  a  vegetable  garden  and  cov^er  it  with 
virgin  mold  taken  from  the  woods,  and  sow  it,  after  thoroughly  burn- 
ing the  land  until  it  has  a  reddish  or  brick-like  appearance,  when  it 
should  be  spaded  up  and  thoroughly  chopped  over  with  hoes  until  it  is 
tine  and  even.  The  ashes  should  not  be  raked  off,  but  should  be- thor- 
oughly mixed  in  with  the  soil.  As  soon  as  the  ground  can  be  worked 
in  the  spring,  it  should  be  lightly  spaded  and  thoroughly  loosened  to  a 
depth  of  2  or  3  inches  with  harrows  or  hand  rakes.  When  in  good 
condition,  it  should  be  marked  off  in  beds  about  4  or  5  feet  wide  and 
seeded.  It  is  the  usual  custom  with  this  variety  to  use  a  heaping  table- 
spoonful  of  seed  for  every  100  square  yards  of  seed  bed.  After  sow- 
ing, the  best  plan  is  to  run  a  heavy  hand  roller  over  the  bed  or  press  it 
with  a  board  or  with  the  feet.  As  a  rule,  the  bed  is  tramped  over  with 
the  feet  until  the  surface  is  packed.  The  seed  bed  is  usually  protected 
by  a  canvas  covering  to  prevent  the  ravages  of  flea-beetles  and  to  keep 
the  l>ed  moist  and  warm. 

The  preparation  of  the  land  is  generally  begun  in  the  month  of 
March,  the  usual  plan  being  to  turn  under  the  soil  with  a  2-horse 
plow  to  a  depth  of  about  8  inches.  About  the  middle  of  April  a 
revolving  disk  or  harrow  is  run  over  the  land  in  order  to  cut  the  sod 
to  pieces,  after  which  the  field  is  smoothed  over  with  a  slab  drag.  It 
is  very  rare  for  fertilizers  or  manure  of  any  kind  to  be  used  in  the 
White  Burley  districts.  Tobacco  stalks  and  trash  from  the  barnyard 
are  preferred  to  any  other  fertilizer  for  this  tobacco.  Owing  to  the 
fact  that  the  crop  is  grown  for  two  years  and  the  field  is  then  piit  in 
rotation  with  other  crops,  the  fertility  of  the  soil  is  maintained. 

The  tobacco  plants  are  usually  set  after  a  shower,  or  when  there  is 
no  rain  they  are  set  out  in  the  afternoon.  The  land  is  cultivated  with 
a  bull-tongue  cultivator  during  the  first  week  or  so,  and  then  culti- 
vated every  week  with  a  double-shovel  cultivator  as  long  as  it  is  possible 
to  do  so  without  injury  jto^J^^  ^mVTt^.''ffeQ(J^on  as  the  cultivation  is 
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finished  the  plants  are  topped,  leaving  from  16  to  20  leaves  on  each 
plant.  From  four  to  five  weeks  after  topping,  the  tobacco  is  usually 
fully  ripe  and  the  plants  are  cut  with  a  tobacco  cutter  or  butcher 
knife.  The  stalks  are  split  down  the  middle  and  strung  on  sticks  4J 
feet  in  length,  after  which  they  are  taken  to  the  tobacco  barn  and  hung 
12  inches  apart  on  the  tier  poles.  When  fully  cured,  the  tobacco  is 
sorted,  usually  into  six  grades,  and  the  different  grades  are  tied  into 
bundles  of  from  10  to  20  leaves  and  packed  for  the  market. 

INSECT   ENEMIES. 

The  general  subjects  of  the  insect  enemies  of  tobacco  and  the  use  of 
insecticides  are  considered  in  Farmers'  Bulletin  No.  120,  entitled  ''The 
Principal  Insects  Affecting  the  Tobacco  Plant,"  which  may  be  had  with- 
out cost  upon  application  to  the  Secretary  of  Agriculture.  In  case 
the  seed  beds  are  inclosed  or  covered,  the  tobacco  is  largely  exempt 
from  injury  by  such  pests  as  flea-beetles  and  hornworms.  The  tobacco 
stalk  weevil  and  tobacco  thrips  are  comparatively'^  new  as  pests.  Two 
accounts  of  the  former  have  been  published  and  a  detailed  account  of 
the  latter  is  about  to  be  issued  by  the  Bureau  of  Entomology,  to  which 
office  tobac<o  growers  are  referred  for  specific  information  in  regard 
to  methods  of  controlling  insect  pests.  In  the  case  of  arsenicals  it  is 
always  desirable  to  use  at  least  an  equal  quantity  of  quicklime  to  pre- 
vent injury  by  free  arsenic. 

DIRECTIONS  FOB  SAVING  SEED. 

In  all  cases  where  new  seed  is  taken  into  a  locality  it  should  be 
thoroughly  tested  before  growing  on  a  large  scale.  This  is  especially 
true  of  all  seed  imported  from  Cuba,  Sumatra,  Turkey,  or  other  for- 
eign countries.  The  past  few  years  have  witnessed  a  striking  illus- 
tration of  the  effect  of  using  seed  direct  from  tropical  regions,  such  as 
Cuba  and  Sumatra,  when  grown  in  the  northern  tobacco  districts. 
The  plants  grown  from  this  freshly  imporU^d  seed  broke  up  into  many 
different  t3'pes,  some  of  which  may  prove  valuable,  but  most  of  the 
types  are  irregular  and  undesirable.  Therefore  it  has  been  a  com- 
mon experience  for  growers  to  suffer  great  losses  by  reason  of  the 
presence  of  these  undesirable  types  during  every  season  in  which  the 
seed  was  used.  This  breaking  up  of  type  is  due  to  the  effect  of 
the  change  of  soil  and  climatic  conditions,  resulting  in  striking  varia- 
tion in  the  plants  grown  from  the  imported  seed.  The  variation  is 
particularly  marked  where  southern  seed  is  taken  to  northern  tobacco 
districts. 

Our  experiments  have  shown  that  if  the  seeds  from  typical  and 
desirable  plants  in  these  crops  are  saved  under  bag,  and  thus  protected 
from  cross-fertilization,  the  plants  produced  from  such  seed  will  be 
uniformly  like  the  parent  plants.     The  uniformity  of  plants  from  seed 


DIRECTIONS    FOR    SAVING    SEED.  35 

jsaved  under  bag  is  illustnited  in  Plate  IX,  figure  1.  The  two  rows 
shown  in  this  illustration  are  from  the  seed  of  two  plants  of  different 
types  and  all  of  the  progeny  are  like  the  parents.  The  second  season 
it  is  a  good  plan  to  increase  the  area  of  plants  grown  from  seed  saved 
under  bag,  and  from  the  most  desirable  plants  in  this  crop  selections 
of  seed  can  be  made  for  future  general  crops.  If  the  crop  during  the 
second  season  shows  uniformity  of  a  desirable  type,  it  is  advisable  to 
save  a  large  quantity  of  seed  under  bag— if  possible,  sufiScient  to  plant 
several  succeeding  crops — in  order  to  provide  for  a  possible  failure  of 
seed  production  in  future  seasons.  Inasmuch  as  tobacco  seed  when 
properly  cared  for  will  retain  its  vitality  for  from  10  to  20  years,  this 
seed  can  be  safely  used,  if  necessary,  for  5  years.  The  best  practice, 
however,  is  to  save  the  seed  for  the  following  year's  crop  every  sea- 
son unless  some  accident  should  greatly  injure  the  crop. 

The  grower  of  all  new  varieties  of  seed  should  test  them  on  a  small 
area  before  using  them  for  his  entire  crop.  In  some  cases  new  seed, 
when  grown  under  conditions  different  from  those  under  which  the 
seed  was  produced,  develops  plants  which  are  subject  to  fungous  dis- 
ease.s  or  insect  enemies  in  the  new  conditions.  Therefore  it  is  a  wivse 
plan  to  grow  a  small  area  of  tobacco  the  first  season  and  observe  the 
plants  carefully  in  respect  to  the  presence  of  fungous  or  other  diseases 
l)efore  using  them  in  large  fields.  In  other  cases  certain  fungous  dis- 
eases are  present  in  the  soil,  which  attack  and  destroy  the  varieties 
imported  from  other  regions.  In  most  cases  resistant  plants  can  be 
foiMid  in  fields  affected  by  these  diseases.  The  structure  or  habit  of 
growth  of  these  resistant  plants  is  such  as  to  make  them  immune  to 
these  attacks.  The  seed  of  resistant  plants  should  be  saved  under  bag 
and  used  for  the  next  year's  planting.  In  this  way  resistant  strains  of 
tobacco  which  will  prove  to  be  immune  to  the  attacks  of  the  various 
diseases  mav  be  secured. 

In  selecting  seed  plants  several  importjint  facts  should  be  taken  into 
i'onsideration.  All  the  plants  in  the  field  should  be  carefully  studied 
and  observations  made  on  the  shape  of  the  leaf  of  the  different  plants, 
on  the  variations  in  size  and  color  of  leaves,  and  on  the  time  of  matu- 
rity of  individual  plants  in  the  field. 

Plate  VIII,  figure  2,  shows  two  strains  of  Connecticut  Broadleaf, 
the  larger  one  from  an  earl}'  parent  and  the  other  from  a  late  parent. 
The  number  of  leaves  and  the  number  of  suckers  should  be  counted 
on  many  plants  in  the  field  from  which  seed  is  to  be  saved,  in  order 
that  an  accurate  idea  may  be  gained  of  the  extent  of  variation  in  the 
variety  as  regards  these  points.  As  a  rule,  there  is  a  great  variation 
in  all  of  the  important  characters  which  go  to  make  up  the  type  of 
plants,  and  individual  plants  will  })e  found  which  have  desirable  shape, 
size,  and  color  of  leaf,  which  mature  early  and  have  an  extra  large 
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number  of  leaves  and  few  s^uckers.  The  grower  should  decide  in  hi? 
own  mind  on  the  type  of  plant  which  he  desires  to  grow  for  his  crop 
and  should  carefully  select  those  plants  in  the  field  which  most  nearly 
fulfill  this  ide^l. 

The  flower  head  on  the  selected  seed  plants  should  be  inclosed  with 
a  light  but  strong  paper  bag  just  before  the  flowers  begin  to  open. 
The  proper  time  to  apply  the  bag  is  shown  in  Plate  VII,  figure  1,  and 
the  arrangement  of  bags  is  shown  in  Plate  VII,  figure  2.  It  is  usu- 
ally a  good  plan  to  remove  two  or  three  of  the  top  leaves  and  suckers 
just  below  the  flower  head.  The  bag  should  be  tied  around  the  stem 
in  such  a  way  as  not  to  interfere  with  the  growth.  It  will  be  found 
that  at  this  period  of  growth  the  plant  increases  in  height  ver}^  rapidly. 
and  it  will  be  necessary  to  raise  the  bag  occasionally  in  order  to  pre- 
v(Mit  the  flower  head  from  pushing  out  through  the  bottom  of  the  bag. 
For  most  varieties  a  12-pound  bag  is  the  most  desirable  size.  This 
bag  should  be  of  strong  but  light  material.  The  ordinary  paper  bag 
found  at  any  grocery  store  may  be  satisfactory  for  this  purpose. 

When  the  seed  pods  have  turned  brown,  indicating  maturity,  the 
entire  top  of  the  plant  should  be  cttt  off.  The  bag  should  be  opened 
and  all  of  the  small  and  late  pods  picked  off  and  only  the  large,  heavy, 
plump,  and  well-developed  seed  pods  allowed  to  remain.  The  bag 
should  then  be  replaced  and  the  seed  head  hung  up  in  a  dry  place 
where  there  is  a  free  circulation  of  air,  such  as  the  attic  of  a  house, 
until  the  seed  pods  are  thoroughly  dried.  After  this  the  pods  should 
be  picked  off  from  the  stem  and  the  seed  shelled  out.  After  the  seed 
has  been  secured,  all  of  the  light  seed,  hulls,  and  chaff  should  be 
removed  by  the  use  of  a  seed  separator,  as  shown  in  Plate  IV,  figure  1, 
or  by  some  form  of  air-blast  machine  adapted  for  this  purpose,  and 
only  the  heavy  seed  should  be  retained  for  planting.  The  heavy  seed 
should  then  be  placed  in  dry  glass  jars  and  set  in  a  safe  place.  In 
this  condition  the  seed  will  retain  its  vitality  unimpaired  for  a  long 
period. 

In  many  cases  it  may  be  desired  to  cross  an  imported  with  a  native 
variety.  The  object  of  such  crosses  is  to  secure  the  improved  quality 
of  the  imported  strains,  combined  with  the  hardiness  and  yielding  power 
of  the  native  varieties.  In  the  case  of  tobacco  such  crosses  are  easilv 
made  by  the  grower.  The  tobacco  plant  has  a  perfectly  self -fertile 
and  complete  flower,  but  is  easily  cross-fertilized.  In  order  to  prepare 
the  flower  for  cross-fertilization,  the  anthers  should  be  removed  from 
the  selected  flowers  shortly  before  they  open  and  discharge  their  pol- 
len. The  arrangement  of  the  parts  of  the  tobacco  flower  at  different 
stages  of  maturity  is  shown  in  Plate  VIII,  figure  1.  The  opened  flower 
in  the  lower  right-hand  corner  shows  the  proper  stage  for  the  removal 
of  the  anthers.  After  an  examination  of  a  number  of  flowers  in  the 
field  the  grower  can  easily  observe  the  proper  time  to  remove  the 
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anthers  so  that  none  of  the  pollen  shall  have  escaped  and  fertilized 
the  flower.  One  easj'^  means  of  noting  this  time  is  to  observe  the  con- 
dition of  the  corolla.  The  anthers  should  be  removed  just  before  the 
corolla  opens.  As  soon  as  the  anthers  have  been  removed,  a  small 
paper  bag  should  be  tied  over  the  flower  and  allowed  to  remain  for  at 
least  one  day  or  until  the  stigma  becomes  receptive  for  pollen.  This 
receptive  condition  of  the  stigma  is  easily  noted  by  the  presence  of  a 
sticky,  viscid  substance  over  the  surface.  At  the  proper  time  for 
pollination,  anthers  from  the  desired  imported  strain  which  are  just 
ready  to  discharge  their  pollen  should  be  secured.  These  anthers 
should  be  broken  open  and  the  pollen  carefully  rubbed  over  the  sur- 
face of  the  stigma  of  the  flower  to  be  fertilized.  As  soon  as  this  pol- 
lination has  been  completed,  th^  small  bag  should  be  replaced  over  the 
flower  and  allowed  to  remain  there  until  the  end  of  the  season.     A 

m 

small  tag  should  be  attached  to  the  flower,  giving  the  name  of  both 
parents,  as  Havana  X  Sumatra  (the  first  name  referring  to  the  female 
and  the  second  to  the  male  parent),  with  any  other  data  which  would 
assist  the  grower  in  keeping  a  record  of  the  parentage  of  the  cross. 

The  best  plan  which  am  be  followed  in  the  case  of  crosses  is  to  grow 
lOO  plants  of  each  cross  and  carefulh^  note  the  characteristics  of  the 
hybrid  plants.  It  will  be  found  that  there  will  be  considerable  varia- 
tion in  the  plants  the  tirst  season.  Seed  should  be  saved  from  those 
plants  which  are  most  desirable  and  which  show  the  greatest  improve- 
ment over  the  native  varieties.  The  next  season  a  larger  area  can  be 
planted  from  this  seed;  and  if  the  crop  is  uniformly  of  the  type  desired, 
enough  seed  can  then  be  selected  the  second  season  to  plant  the  entire 
crop  the  third  year. 

HOW  TO   SECXTBE  GOOD  SEED. 

1.  Save  the  best  plants  in  the  field  for  seed  plants.  An  early  Broad- 
leaf  plant  of  desirable  type  is  shown  in  Plate  VIII,  figure  2,  in  com- 
parison with  the  ordinary  plants,  and  wa.*^  selected  for  seed  production 
on  account  of  earliness.  During  the  cultivation  of  the  crop  and  the 
suckering  and  topping  processes  a  constant  search  for  good  plants 
should  be  made  by  growers. 

2.  When  good  plants  are  observed,  they  should  be  plainly  marked 
by  a  tag  or  rag  tied  to  the  plant,  so  that  they  may  be  easily  found  and 
to  prevent  them  from  being  accidentally  topped. 

3.  Place  a  light,  12-pound  size,  manila  paper  bag  over  the  flower 
heads  of  the  selected  seed  plants  before  the  first  flowers  open.  Inspect 
the  bags  every  few  days  for  the  first  two  weeks  and  raise  them  up 
farther  on  the  growing  stems,  arranging  them  so  as  to  prevent  any 
injury  from  crowding  in  the  bag  during  this  period  of  growth.  The 
extent  to  which  this  method  of  saving  seed  is  now  being  followed  is 
shown  in  Plate  VI,  figure  1. 
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•i.  At  the  end  of  the  season,  when  the  seed  pods  are  ripe,  cut  off  the 
plants  near  the  ground  without  removing  the  bags  and  hang  them  up 
in  a  dry  place.  The  bags  serve  to  catch  the  seed  which  may  fall  out 
of  the  capsules  on  drying. 

5.  After  the  seed  has  thoroughly  dried,  shell  it  out  of  the  capsules 
and  separate  the  heavy  seed  for  use  by  the  means  described  in  thii 
paper. 

6.  It  would  be  well  for  every  grower  using  this  method  of  seed 
selection  to  save  some  seed  in  the  ordinary  way  and  plant  it  for  com- 
parison. 
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Plate  I.  (Frontispiece.)  Fig.  1. — Connecticut  Cuban  tobacco,  first  year  from  Cuba. 
Plants  in  foreground  are  freaks  and  undesirable.  They  have  reached  maturity 
prematurely,  and  have  very  few  salable  leaves.  The  suckers  and  flower  brancfaeE 
are  numerous  and  large.  Fig.  2. — The  same  field  shown  in  figure  1,  after  sav- 
ing seed  under  bag  and  the  selection  of  the  best  plants  for  two  years.  These 
plants  have  a  large  number  of  well  developed,  desirable  leaves,  with  very  few 
suckers  or  seed  branches,  as  the  result  of  careful  seed  selection. 

Plate  II.  Fig.  1. — Tobacco  seed  bed  in  Florida.  This  illustration  shows  plants  just 
before  transplanting.  Note  the  uniformitv  of  those  grown  from  heavy  seed. 
The  bed,  covering  2  acres,  furnished  enou^  plants  for  more  than  100  acreeo! 
tobacco.  Fig.  2. — Tobacco  seetl  beds  in  Connecticut — tent,  hotbed,  and  eoU 
frame.  The  three  best  methods  used  for  protecting  tobacco  seedliiiga  ia  ftl 
North  are  shown.  The  beds  in  the  center  of  the  picture  are  covered  wltiiJMk* 
bed  sash;  the  one  on  the  right  with  cheese  cloth  raised  about  12  inches 
the  surface  of  the  bed;  the  one  on  the  left  is  also  covered  with  cheeM 
arranged  in  the  shape  of  a  roof  or  tent  and  elevated  sufficiently  to  allow 
men  to  walk  about  the  bed  without  removing  the  cover.  The  ^tUuBB 
seems  to  give  the  best  results  in  most  cases,  and  is  conducive  to  me  n 
growth. 

Plate  III.  Fig.  1. — Transplanting  tobacco  seedlings  with  machine.    The 
factory  and  practical  transplanter  is  shown.     By  using  this  form  of 
seedlings  may  be  set  in  the  field  whenever  they  are  of  the  proper  size,  aad 
watered.     Fig.  2. — Sterilizing  soil  for  tobacco  seed  beds.    This  method  ia 
and  effective,  and  serves  to  kill  all  weed  seeds,  fungi,  and  insects  that  may 
the  soil. 

Plate  IV.  Fig.  1. — Tobacco  seed  separator.  This  form  of  separator  is  an  impiofe* 
ment  over  the  one  originally  devised  in  the  laboratory  oi  Plant  Breeding  of  the 
Bureau  of  Plant  Industry,  and  described  in  the  Yearbook  of  the  Department  of 
Agriculture  for  1904.  Fi^.  2. — Seedlings  from  heavy,  medium,  and  light  tobacci^i 
seed.  The  seed  from  which  the  seedlings  shown  were  grown  was  taken  from  the 
same  lot  and  planted  at  exactly  the  same  time.  Note  the  increased  growth  an*! 
vigor  in  plants  grown  from  heavy  seed. 

Plate  V.  Fig.  1. — Method  of  "spearing"  tobacco  plants  during  harvest.  This  shows 
the  most  practical  and  economical  means  of  spearing  plante  with  the  least  poaa- 
ble  injury  to  the  leaves.  The  plants  are  allowed  to  wilt  very  slightly  liefore 
spearing.  Fig.  2. — Wagon  rack  for  transporting  plants  to  cunng  shed.  The 
group  of  seed  plants  in  the  background  shows  lack  of  selection  under  the  oW 
practice. 

Plate  VI.  Fig.  1. — Capped  plants  saved  for  seed.  The  ordinary  manlla  paper  teg 
of  the  12-pound  size  was  used  in  capping  these  plants.  The  Sag  should  be  miS 
of  a  thin  grade  of  paper.  Fig.  2. — Curing  shed  in  the  Connecticut  Valley,  tte 
superior  value  of  this  form  of  curing  shed  is  largely  due  to  the  laiige  numbar<li 
ventilators  which  may  be  opened  to  admit  air  when  needed  in  properly  cmb; 
tobacco. 

Plate  VII.  Fig.  1. — Seed  plant  ready  for  bag.  In  preparing  the  seed  plant  for 
bagging,  as  shown,  the  small  leaves  and  suckers  just  below  the  seed  head  have 
been  removed  to  make  room  for  the  bag.  Fig.  2. — Proper  arrangement  of  big 
on  seed  plant.  When  the  bag  ia  placed  on  the  flower  h^d  of  the  seed  planti  m 
shown,  it  should  be  tied  rather  loosely  around  the  stalk,  to  allow  for  its  prc^V 
development. 

Plate  VIII.  Fig.  1. — Arrangement  and  stnicture  of  tobacco  flowers.  The  stradlpc 
of  the  flowers,  as  shown,  gives  evidence  of  the  fact  that  tobacco  flowera  Wb 
naturally  self-fertile.  Fig.  2. — Two  etrain.<i  of  Connecticut  Broadleaf  tobacco^  ttie 
row  on  the  left  from  an  early  parent  and  the  row  on  the  right  from  a  late  j 
The  plant  on  the  right  of  the  center  of  the  picture,  from  a  late  parent,  is 
sentative  of  the  entire  plat. 

Plate  IX.  Fig.  1. — Uniformity  in  time  of  maturity  and  other  characters  of  tiiD 
types  of  Connecticut  Sumatra  tobacco  raised  from  seed  saved  under  bag.  'tU$ 
striking  uniformity  ia  due  to  three  years  of  careful  seed  selection  and  protecibig 
the  flowers  from  cross-pollination.  Each  row  represents  a  different  strain  of  the 
tobacco.  Fig.  2. — I^ck  of  uniformity  in  time  ot  maturity  and  other  character? 
in  ordinary  Connecticut  Broadleaf  tobacco,  where  seed  was  not  saved  under  bag. 

40 

O 


Fio.  1.— ToeAcco  Seed  Separator. 


—Capped  Plants  Saved  fob  Seed. 


Fta.  2.— Curing  Shed  in  the  Connec 


Bui   91.Burtiuo(P1 


y.  U.  S  D.pt.  ol  AgncuhMr.. 


FlO.  l.-ARRANOeMENT  AND  STHUOTUBE  OF  TOOACCO  Flowebs. 


U 


Hahvestinq  Deglet  Noob  Dst 


OCT  3-  1906 

U.  S.  DEPARTMENT  OF  AGRlSjAgURE-yiS^ 
BDHiin  or  turn  ihiidstrt— bdllstik  hiT?''^ 

B.  T.  OALLOWAY.  Chiffef  Hurrau. 


DATE  VARIETIES  AND  DATE  CULTURE 
IN  TUNIS. 


THOMAS  H.  KEAKNEY, 
Physiolooist,  Plant  Breeuinu  iNVKsmoATioNB. 


WASHINGTON: 

GOVERNMENT    PltlXTINU    OFFICE.  , 
1906. 


BUREAU  OF  PLANT  INDUSTRY. 

SCIENTIFIC  STAFF. 

PatholoffUt  and  Phyaiologist,  and  Chief  of  Bureau,  Beyerly  T.  Galloway. 
Patholoifist  and  PhytioloffUt,  and  A$9iBUini  Chief  of  Bureau,  Albert  F.  Woodi. 

PATHOLOGICAL    INYBSTIOATIONH. 

Laboratory  of  Plant  Pathology,  Erwin  F.  Smith,  Pathologist  In  Charge. 
Diae€uea  of  Fruita,  Merton  B.  Walte,  Pathologist  in  Charge. 

PHTSIOLOGICAL    INVESTIGATIONS. 

Plant  Breeding,  Herbert  J.  Webber,  Physiologist  in  Charge. 

Plant  Life  Hiatory,  Walter  T.  Swingle,  Physiologist  In  Charge. 

Soil  Bacteriology  and  Water  Purification,  Karl  F.  Kellerman,  Physiologist  in  Charge. 

Bionomic  Jnveetigationa  of  Tropical  and  Subtropical  Plants,  Oratpr  F.  Cook«  Blonomlst  In 

Charge. 
Drug  and  Poiaonoua  Plant  Investigations  and  Tea  Culture  Investigations,  Rodney  H.  True, 

Physiologist  in  Charge. 
Physical  Laboratory,  Lyman  J.  Briggs,  Physicist  in  Charge. 

TAXONOMIC    INVESTiaATIOKB. 

Motmemic  Collections,  Frederick  V.  Covllle,  Botanist  in  Charge. 

AQRONOMIC    INVESTIGATIONS. 

Farm  MNKMgement,  William  J.  Spillman,  Agriculturist  in  Charge. 
fftiidp  ^rrirNgfiffnni!.  Mark  A.  Carleton,  Cereallst  in  Charge. 
Af^4ft0ton  Experimental  Farm,  Lee  C.  Corbett,  Horticulturist  in  Charge. 
'Beet  Investigations,  Charles  O.  Townsend,  Pathologist  in  Charge. 
Agricultural  Extension^  Carl  S.  Scofield,  Agriculturist  in  Charge. 
#fy  Land  Agriculture,  E.  Channing  Chllcott,  Expert  In  Charge. 

HORTICULTUBAL    INVESTIGATIONS. 

Pomological  Collections,  Gustavus  B.  Brackett,  Pomologist  in  Charge. 

Field  Investigations  in  Pomology,  William  A.  Taylor  and  Q.  Harold  Powell,  Pomologlsti 

Id  Charge. 
Espet  imental  Gardens  and  Grounds,  Edward  M.  Byrnes,  Superintendent. 

SEED  AND  PLANT   IXTRODirCTION    INVESTIGATIONS. 

Seed  and  Plant  Introduction  and  Distribution,  Adrian  J.  Pieters  and  David  Falrchild, 

in  Charge. 
Seed  Laboratory,  Edgar  Brown,  Botanist  in  Charge. 

SPECIAL  LABORATORIEK,  GARDENS^  AND  FARMS. 

Mississippi  Valley  Laboratory,  St.  Louis,  Mo.,  Hermann  von  S<ihrenk,  Expert  In  Charge. 
Subtropical  Laboratory  and  Garden,  Miami,  Fla.,  Ernst  A.  Bessey,  Pathologist  in  Charge. 
Plant  Introduction  Gardens,  Chlco,  Cal..  Palemon  II.  Dorsett,  Pathologist  in  Charge. 
Co^of»  Culture  Farms,  Seaman  A.  Knapp,  Lake  Charles,  La.,  Special  Agent  in  Charge. 


Editor,  J.  £.  Rockwell. 
Chief  Clerk,  James  E.  Jones. 


SEED  AND  PLANT  INTBODUCTION   AND  DISTRIBUTION. 

SCIENTIFIC    STAFF. 

A.  J.  Pieters,  Botanist  in  Charge, 

David  Falrchild,  Agricultural  Explorer,  in  Charge  of  Foreign  Explorations. 
W.  W.  Tracy,  sr..  Superintendent  of  Testing  Gardens. 

John  E.  W.  Tracy,  Assistant  Superintendent  of  Testing  Gardens,  in  Charge  of  Congres- 
sional Seed  Distribution. 
O.  W.  Barrett,  Assistant. 
George  W.  Oliver,  Expert. 

C.  V.  Piper,  Agrostologist,  in  Charge  of  Forage-Crop  Investigations. 
J.  M.  Westgate,  Assistant  Agrostologist,  in  Charge  of  Alfalfa  and  Clover  Introduction^ 
W.  W.  Tracy,  Jr.,  Assistant  Botanist. 
Frank  N.  Meyer,  Agricultural  Explorer, 
Charles  F.  Wheeler,  Expert. 
A.  B.  Connor,  Special  Agent. 
Nicholas  Schmitz,  Special  Agent.   . 

John  H.  Tull,  Special  Agent,  in  Charge  of  Matting-Rush  Investigations, 
Harold  T.  Nielsen,  Scientific  Assistant  in  Agronomy. 

92 

2 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C,  March  i,  1906, 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  publication  as  Bulletin  No.  92  of  the  series  of  this  Bureau,  the 
accompanying  manuscript,  entitled  "  Date  Varieties  and  Date  Cul- 
ture in  Tunis,"  by  Thomas  H.  Kearney,  Physiologist,  Plant  Breed- 
ing Investigations. 

The  importance  of  this  bulletin  lies  in  the  fact  that  it  presents  a 
key  to  the  principal  varieties  of  date  palms — the  first  available  to 
Americans  interested  in  this  fruit.  It  gives,  further,  an  accurate 
picture  of  the  conditions  under  which  profitable  date  culture  is  car- 
ried on  in  the  northern  edge  of  the  Sahara,  and  can  not  fail  to  be  of 
value  to  all  prospective  date  growers. 

Acknowledgment  is  made  of  the  courteous  cooperation  uniformly 
extended  to  Mr.  Kearney  by  the  authorities  during  his  stay  in  Tunis. 
The  valuable  assistance  rendered  him  by  M.  Hugon,  director  of 
agriculture  and  commerce,  and  by  MM.  Chervin,  Minangoin,  and 
Tellier,  of  the  direction  of  agriculture,  as  well  as  by  the  controlcurs 
civils  at  Tozer,  Gafsa,  Sfax,  and  Gabes,  and  by  the  caids  of  Tozer 
and  Kebili,  should  be  especially  mentioned.  The  hospitality  ex- 
tended by  Captain  Donau,  commandant  superieur  at  Kebili,  and  the 
great  service  rendered  by  him  to  the  Department  of  Agriculture  in 
having  collected,  prepared,  and  forwarded  to  Tozer  175  offshoots 
of  the  best  varieties  found  in  the  Nefzaoua,  merit  especial  acknowl- 
edgment. Prof.  Milton  Whitney,  Chief  of  the  Bureau  of  Soils,  and 
Drs.  F.  K.  Cameron  and  L.  J.  Briggs,  of  that  Bureau,  obligingly 
cooperated  in  furnishing  mechanical  analyses  of  the  soil  samples 
collected  and  chemical  analyses  of  the  soil  and  water  samples. 

This  paper  has  been  subviitted  by  the  Botanist  in  Charge  of  Seed 
and  Plant  Introduction  and  Distribution,  and  was  prepared  as  a 
result  of  Mr.  itearney's  expedition  to  the  oases  of  Tunis  in  search 
of  new  varieties  of  dates. 

The  illustrations  which  accompany  this  paper  are  considered  essen- 
tial to  a  full  understanding  of  the  text. 

Respectfully,  B.  T.  Galloway, 


Hon.  James  Wilson, 

Secretary  of  Agriculture, 


Chief  of  Bweau. 


02 


8 


CONTENTS. 

Introdnctioii 9 

Characteristics  of  the  region 11 

Gteography 11 

The  Jerid 11 

TheNefzaona 17 

Qabes 19 

(^afsa _ 20 

Climate 21 

Temperature  _.. 21 

Atmospheric  humidity 26 

Precipitation 27 

Irrigation  and  drainage 28 

Water  supply... 28 

Irrigation  system _ 31 

Drainage  system 38 

Soils  of  the  Jerid  region 33 

Textnre 33 

Fertility 35 

AlkaH 36 

Culture  of  the  date  palm. - 41 

Size  and  valne  of  the  gardens " 41 

Labor  and  tenantry  system 42 

Propagation 48 

PreiMkring  the  land 45 

Planting 46 

Irrigating 47 

Manuring 49 

Other  cultural  methods 50 

Pollination  and  male  palms - 50 

Ripening - 51 

Harvesting 52 

Preserving ^ * 54 

Varieties  of  the  date  palm  in  Tunis. 55 

Descriptions  of  the  varieties - 60 

Varieties  of  primary  importance - 60 

Soft  dates _ 60 

Dry  dates 71 

Varieties  of  secondary  imi)ortance 74 

Dry  dates 74 

Soft  dates 76 

Varieties  of  minor  importance 82 

Dry  dates 82 

Soft  dates 84 

Varieties  imported  but  not  included  in  the  key 90 

Varieties  included  in  the  key  but  not  imported 92 

Descriptive  key  to  the  characters  of  the  fruits 94 

Synopsis  of  the  groups 96 

Key  to  the  varieties * ^7 

Index.  .- 107 

Description  of  plates - 112 

6 


ILLUSTRATIONS. 


PLATES. 

Pagre. 

Plate  I.  Harvestmg  Deglet  Noor  dates  at  Tozer Frontifipiece. 

II.  Fig.  1.— Alkali  land  in  the  midst  of  Tozer  oasis.  Fig.  2.— Work- 
ing the  soil  of  a  date  garden  with  the  '^messah/*  or  short- 
handled  hoe 112 

m.  Date  palm  showing  '*  straddling ''  of  fmit  cluster  to  prevent  the 

breaking  of  the  stalk 112 

IV.  Fig.  1. — Tronja  palm  showing  characteristic  drooping,  curved 
leaves.    Fig.  2. — A  typical  male  date  i)alm  showing  numerous 

leaves 112 

y.  Fig.  1. — Menakher  palm  with  numerous  small  suckers.    Fig.  2. — 

Old  Menakher  palm  with  two  large  fruiting  suckers 112 

VI.  Fig.  1.— Deglet  Noor  palm.    Fig.  2.— ^Lagoo  palm.    Fig.  3.— The 

town  of  Nefta,  with  date  garden  in  left  foreground 112 

Vn.  Fig.  1.— Fteemy  palms,  El  Oudiane.  Fig.  2.— Plantation  of  6- 
year-old  date  palms  at  Nefta.  A  Fteemy  palm  in  the  fore- 
ground .  112 

Yin.  Dates,  natural  size:  l,Deglet  Noor  variety;  2,  Menakher  variety.      112 

IX.  Dates,  natural  size:  1,  Tronja  variety;  2,  Boo  Affar  variety .    112 

X.  Dates, natural  size:  l,Horra  variety;  2,  Kenta  variety;  3,  Fteemy 

variety;  4,  Mokh  Begry  variety 112 

TEXT  FIGURES. 

Fio.  1.  Map  showing  the  location  of  the  Tunis  oases  with  respect  to  other 

localities  in  Algeria  and  Tunis . .        12 

2.  Irrigation  canal  and  diversion  dam,  Tozer  oasis 31 

3.  Laborer  holding  u  *  *  messah,* '  or  short-  handled  hoe •     44 

4.  Date-picker  holding  a  '^  mengel,**  or  straight-bladed  sickle,  used  for 

cutting  oflf  the  bunches  of  dates _ 44 

5.  Camel  carrying  date  offshoots  wrapped  in  i>alm  fiber  (leef )  for 

transportation 45 

6.  Outlines  of  Menakher  seed  and  fruit.     (Natural  size) .'  61 

7.  Outlines  of  Deglet  Noor  seed  and  fruit.     (Natural  size) 63 

8.  Outlines  of  Boo  Affar  seed  and  fruit.     (Natural  size) 66 

9.  Outlines  of  Tronja  seed  and  fruit.     (Natural  size) 67 

10.  Outlines  of  Boo  Fagoos  seed  and  fruit.     ( Natural  size) 67 

11.  Tafazween  seeds  and  fruits.     (Natural  size) 68 

12.  Outlines  of  Fteemy  seed  and  fruit.     (Natural  size) 69 

13.  Outlines  of  Areshty  seed  and  fruit.    Natural  size) 71 

14.  Outlines  of  Horra  seed  and  fruit.     (Natural  size) 72 

92 

7 


8  ILLUSTRATIONS. 


Fia.  15.  Outlines  of  Kenta  seed  and  fruit.     (Natural  size) 73 

16.  Outlines  of  Angoo  seed  and  fruit.     (Natural  size ) 74 

17.  Outlines  of  Thaby  seed  and  fruit.     (Natural  size) 75 

18.  Outlines  of  Lemsy  seed  and  fruit.     (Natural  size) 75 

19.  Outlines  of  Halooa  Bayda  seed  and  fruit.     (Natural  size)  _ 76 

20..  Outlines  of  Mokh  Begry  seed  and  fruit.     (Natural  size) 76 

21.  Outlines  of  Baydh  Hammam  seed  and  fruit.     (Natural  size) 77 

22.  Outlines  of  Kseba  seed  and  fruit.     (Natural  size) 77 

23.  Outlines  of  Doonga  seed  and  fruit.     (Natural  size) 78 

24.  Outlines  of  Besser  Haloo  seed  and  fruit.     (Natural  size) 78 

25.  Outlines  of  Okht  Fteemy  seed  and  fruit.     (Natural  size) 79 

26.  Outlines  of  Bhars  seed  and  fruit.     (Natural  size) 79 

27.  Outlines  of  Lagoo  seed  and  fruit.     (Natural  size) 1.  80 

28.  Outlines  of  Zekry  seed  and  fruit.     (Natural  size) 81 

29.  Outlines  of  Khalt  Mooashem  seed  and  fruit.     (Natural  size) 81 

80.  Outlines  of  Khalt  Deglaowia  seed  and  fruit.     (Natural  size) 82 

81.  Outlines  of  Khalt  Horraowia  seed  and  fruit.     (Natural  size) 82 

32.  Outlines  of  Bayjoo  seed  and  fruit.     (Natural  size) 83 

88.  Outlines  of  Remta  seed  and  fruit.     (Natural  size) 83 

84.  Outlines  of  Hamra  seed  and  fruit.     (Natural  size) 84 

85.  Outlines  of  Kenteeshy  seed  and  fruit.     (Natural  size) 84 

86.  Outlines  of  Tantaboosht  seed  and  fruit.     (Natural  size) 85 

87.  Outlines  of  Tozer  Zaid  Safra  seed  and  fruit.     (Natural  size) 85 

88.  Outlines  of  Tozer  Zaid  E[hala  seed  and  fruit.     (Natural  size) 85 

89.  Outlines  of  Sayba  Boo  Dra  seed  and  fruit.     (Natural  size) 86 

40.  Outlines  of  Kharooby  seed  and  fruit.     (Natural  size) 86 

41 .  Outlines  of  Qasby  seed  and  fruit.     (Natural  size) 87 

42.  Outlines  of  Bent  Segny  seed  and  fruit.     (Natural  size) 87 

48.  Outlines  of  Ammary  seed  and  fruit.     (Natural  size) 88 

44.  Outlines  of  Qoondy  seed  and  fruit.     (Natural  size) 88 

45.  Outlines  of  Karooy  seed  and  fruit.     (Natural  size) 89 

46.  Outlines  of  Iteema  seed  and  fruit.     (Natural  size) 89 

47.  Outlines  of  Khalt  Hameed  seed  and  fruit.     (Natural  size) 89 

48.  Outlines  of  Chedakh  seed  and  fruit.     (Natural  size) 92 

49.  Outlines  of  Deglet  Hamidatoo  seed  and  fruit.     (Natural  size) 92 

50.  Outlines  of  Deglet  Hassen  seed  and  fruit.     ( Natural  size) 92 

51.  Outlines  of  Khalt  Menakhry  seed  and  fruit.     (Natural  size) 93 

52.  Selatny  seed  and  fruits.     (Natural  size) 93 


B.  P.  I.-aOB. 


DATE  VARIETIES  AND  DATE  CULTURE  IN 

TUNIS. 


IHTEODTTCTIOH. 

During  the  autumn  and  winter  of  1904-5,  while  traveling  as  agri- 
cultural explorer  for  the  Office  of  Seed  and  Plant  Introduction  and 
Distribution,  the  writer,  at  the  suggestion  of  Mr.  W.  T.  Swingle, 
made  two  trips  to  the  oases  of  southern  Tunis  in  order  to  study  the 
varieties  of  the  date  palm  grown  there  and  to  secure  offshoots  of  the 
more  promising  sorts  for  introduction  into  the  United  States.  The 
first  visit  was  made  in  October  and  November,  the  period  when  the 
fruits  of  most  of  the  varieties  are  ripening  and  when  the  harvest  is 
in  full  progress.  On  that  occasion  six  weeks  were  spent  in  the  more 
important  oases,  and  a  careful  study  of  the  chief  varieties  was  made. 
This  was  considered  an  essential  preliminary  to  selecting  varieties 
for  importation,  as  very  little  has  been  done  by  Europeans  in  study- 
ing the  characters  of  the  almost  innumerable  varieties  of  the  date 
palm  and  in  ascertaining  the  relative  merits  of  the  different  kinds. 

Nowhere,  perhaps,  does  a  greater  number  of  promising  varieties 
iQCCur  within  a  restricted  area  than  in  these  Timis  oases,  and  the 
opportunity  for  comparison  of  widely  differing  types  was  an  excep- 
tionally good  one.  In  the  course  of  the  investigations  a  collection 
of  97  samples,  representing  93  distinct  varieties,  was  obtained.  De- 
scriptions of  105  varieties  were  drawn  up  on  the  spot  from  freshly 
gathered  fruits,  and  in  many  cases  the  characters  of  the  palms 
themselves  were  noted.  The  fruits  of  85  varieties  were  photo- 
graphed in  natural  size,  and  photographs  of  the  trees  of  34  varieties 
were  made. 

Much  information  was  obtained  regarding  the  fruits  of  the  dif- 
ferent varieties,  their  size,  appearance,  sweetness,  flavor,  time  of 
ripening,  productiveness,  and  keeping  qualities.  The  season  chosen 
for  the  visit  allowed  the  interesting  process  of  harvesting  the  dates 
to  be  observed.  Attention  was  also  paid  to  the  subjects  of  irriga- 
tion, cultural  methods,  and  of  saline  or  "  alkali "  soils  in  relation  to 
the  date  palm. 
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As  a  result  of  the  first  visit  to  the  oases,  it  was  possible  for  the 
writer  to  decide  upon  the  varieties  that  seemed  most  desirable  for 
introduction  into  the  southwestern  United  States.  To  procure  these 
varieties  a  second  trip  to  the  region  was  made  for  the  Office  of  Seed 
and  Plant  Introduction  and  Distribution  in  February,  1905,  and  three 
weeks  were  spent  in  collecting  and  packing  the  offshoots.  In  all 
about  700  offshoots,  representing  56  varieties,  were  obtained,  and  it 
required  a  caravan  of  90  camels  to  transport  them  to  the  railway. 

The  importation  of  so  large  a  number  of  varieties  was  thought 
desirable,  because  it  was  recognized  that  date  culture  in  the  United 
States  is  still  in  the  experimental  stage,  and  it  is  impossible  to  fore- 
see as  yet  what  varieties  will  prove  most  satisfactory.  It  is  quite 
possible  that  some  of  those  which  thrive  best  and  are  most  esteemed 
in  their  native  countries  will  not  succeed  with  us.  On  the  other  hand, 
varieties  that  are  less  esteemed  at  home  may  develop  valuable  quali- 
ties when  transplanted  to  this  continent.  Furthermore,  in  view  of 
the  great  diversity  of  climate  and  soil  existing  in  the  parts  of  the 
United  States  where  date  culture  is  possible,  it  seems  altogether 
probable  that  different  kinds  will  be  found  adapted  to  different  sec- 
tions. In  that  case  the  existence  at  some  few  central  points  in  the 
Southwest  of  large  collections  of  varieties  will  prove  to  be  of  cardinal 
importance  in  the  development  of  this  promising  industry. 

For  these  reasons,  an  effort  was  made  to  secure  a  few  suckers  of 
every  well-marked  variety  of  any  value,  while,  of  course,  especial 
endeavor  was  directed  t^  securing  a  larger  number  of  each  of  the 
finest  and  most  highly  esteemed  sorts.  In  a  few  cases  the  latter  aim 
was  not  realized,  owing  to  the  rarity  of  the  palms  and  the  reluctance 
of  the  natives  to  part  with  the  suckers.  Of  the  superb  Menakher 
date,  for  example,  one  of  the  principal  objects  of  the  expedition, 
only  nine  offshoots  could  be  obtained,  and  most  of  these  were  smaller 
than  could  be  wished.  Yet  at  least  a  few  offshoots  were  imported 
of  all  but  one  variety  of  primary  value,  and  only  two  or  three  of  the 
varieties  that  were  regarded  as  of  secondary  value  are  wanting  in 
the  collection.  It  might  be  added  that  at  the  time  of  writing  (Oc- 
tober 1,  1905)  from  75  to  95  per  cent  of  the  palms  imported  from 
Tunis  six  months  previously  are  showing  signs  of  growth  in  the 
different  plantations  in  Arizona  and  California. 

The  chief  object  of  the  present  report  is  to  furnish  descriptions 
of  the  Tunisian  varieties  imported  into  the  United  States,  so  that 
they  can  be  identified  hereafter.  It  is  recognized  that  owing  to  the 
large  number  of  varieties  that  have  been  introduced  during  the  past 
five  years  much  confusion  in  regard  to  the  identity  of  the  different 
sorts  is  likely  to  arise  unless  some  attempt  is  made  to  place  their 
characters  upon  record.    To  this  end  a  descriptive  key  has  been 
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worked  out,  which  it  is  believed  will  be  found  useful  in  identifying 
the  Tunisian  varieties.  As  nothing  of  the  kind  has  heretofore  been 
attempted  so  far  as  the  date  palm  is  concerned,  it  is  hoped  that,  be- 
sides fulfilling  its  immediate  object,  this  key  will  afford  suggestions 
as  to  the  characters  that  are  most  serviceable  in  distinguishing  the 
varieties  and  will  serve  as  a  basis  for  future  studies. 

To  supplement  the  descriptions  contained  in  the  key,  each  of  the 
varieties  imported  is  discussed  under  the  headings  "Varieties  of 
primary  importance,"  "Varieties  of  secondary  importance,"  "Va- 
rieties of  minor  importance,"  and  "  Varieties  imported  but  not  in- 
cluded in  the  key,"  with  respect  to  the  quality  of  the  fruit,  time  of 
ripening,  productiveness,  trunk  and  foliage  characters,  resistance  to 
alkali,  etc. 

As  an  introduction  to  the  study  of  the  varieties,  the  important 
geographical  and  climatic  features  of  the  region  are  treated,  together 
with  the  character  of  the  water  supply  and  the  cultural  methods 
in  use* 

CHAKACTEEISTICS  OF  THE  SEOIOH. 

GEOGBAPHY. 

The  principal  oases  of  southern  Tunis,  in  which  the  date  palm 
is  the  chief  culture,  form  four  distinct  groups,  the  Jerid,  the  Nef- 
zaoua,  Gabes,  and  Gafsa,  each  group  being  separated  from  the  others 
by  wide  expanses  of  desert.  (See  fig.  1.)^  Each  group  differs  in 
many  important  features  from  the  others,  having  its  special  peculiar- 
ities of  climate,  soil,  and  water  supply,  as  well  as  its  characteristic 
varieties  of  dates. 

The  Jerid  is  for  us  by  far  the  most  important  group  of  oases,  for 
there  are  found  in  perfection  some  of  the  finest  varieties  of  the  date 
palm  in  the  world.  It  is  the  only  part  of  Tunis  in  which  the  choice 
Deglet  Noor  dates  are  produced  in  large  quantity  for  European  mar- 
kets, exporting  annually  from  one  and  one-half  to  two  and  one-half 
million  pounds  of  them.  This  report,  therefore,  deals  chiefly  with 
the  Jerid  oases.  A  brief  accoimt  of  each  of  the  other  groups  is  given 
in  the  present  chapter,  but  the  discussions  of  climate,  water  supply, 
soils,  and  culture  of  the  date  palm  apply  almost  solely  to  the  Jerid. 
When  reference  is  made  to  some  other  region,  it  is  especially  des- 
ignated. 

THE   JERm. 

The  name  "Jerid"  (French  spelling,  D jerid)  is  an  abbreviation 
of  "  Beled-el-Jerid  " — the  "  cities  of  date  palms."  The  group  con- 
sists of  four  oases — Nefta,  Tozer,  El  Oudiane,  and  ELHamma — sep- 
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arat«d  one  from  another  by  several  miles  of  barren,  sandy,  or  stony 
desert.  They  lie  at  the  northern  edge  of  the  Sahara  Desert,  nestling 
at  the  ftKrt  of  a  line  of  cliffs  that  forms  the  north  bank  of  the  Shott 
Jerid.  The  Shott,  which  is  about  68  miles  long  from  west  to  east,  is 
in  winter  a  large,  shallow  salt  lake,  and  in  summer  a  mud  flat,  covered 
toward  its  center  with  a  shining  white  crust  of  salt,  much  resembling, 
therefore,  the  Salton  Sink  in  southeastern  California.  Its  mean  ele- 
vation is  about  70  feet  above  sea  level.  Toward  the  northwest  it 
opens  into  the  Shott  Gharsa.  continued  still  farther  westward  as  the 


.—Map  showiDg  the  lucaUon  of 


with  respect  to  other  localitiea  in  Algeria 


Shott  Melrhirh,  which  borders  the  Oued  Rirh  oases  of  Algeria.* 
Beyond  the  easternmost  of  the  Jerid  oases  the  Shott  Jerid  contracts 
into  a  strait,  which  connects  it  with  the  much  narrower  Shott-el- 
Fejej.  Tlie  latter  extends  eastward  to  within  a  few  miles  of  the  sea, 
near  Gabes. 

Near  its  western  end  the  Shott  Jerid  is  bordered  on  the  north  by  a 
barren,  rocky  line  of  bluffs  of  the  pliocene  formation,  which  farther 

"  See  Bui.  80,  Bureau  ol  Plaut  Industty,  U.  S.  Dept  ot  Agriculture,  190ES, 
p.  18. 
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east  rises  into  the  Jebel  Sherb  range  of  mountams.  This  escarpment, 
known  as  the  Draa-el-Jerid,  runs  nearly  east  and  west.  West  of 
Nef ta  it  ends  in  a  promontory  extending  between  the  Shott  Jerid  and 
the  Shott  Gharsa.  It  is  virtually  the  southern  edge  of  an  arid,  gen> 
erally  stony  plain,  almost  devoid  of  vegetation,  which  extends  north- 
ward to  Gafsa  and  beyond,  rising  gradually  into  the  elevated  plateau 
of  central  Tunis.  This  plain  is  intersected  by  desolate  ranges  of 
hills  and  by  deep  ravines  that  contain  water  only  at  long,  irregular 
intervals. 

At  the  southern  base  of  the  Draa-el-Jerid  bluffs,  and  sloping  toward 
the  Shott  Jerid,  lie  the  three  oases  of  Nefta,  Tozer,  and  El  Oudiane, 
the  first  being  the  westernmost.  Tozer  is  15  miles  east  of  Nefta  and 
El  Oudiane  about  6  miles  east  of  Tozer.  These  three  oases  are  well 
sheltered  from  the  north  wind  by  the  terrace  behind  them,  but  lie 
open  to  the  south.  On  the  other  hand.  El  Hamma,  5J  miles  north 
of  Tozer,  lies  on  the  northwestern  side  of  the  Draa-el-Jerid,  having 
the  Shott  Gharsa  to  the  west,  and  while  protected  on  the  south  and 
east  sides  it  is  much  exposed  toward  the  north  and  west. 

In  general  aspect  all  four  oases  are  much  alike.  They  consist  of 
almost  unbroken  forests  of  date  palms,  divided  up  into  many  gar- 
dens that  are  separated  by  mud  walls  and  intersected  by  innumerable 
irrigation  and  drainage  ditches.  The  total  number  of  date  palms  in 
the  region  is  variously  estimated  at  from  600,000  to  1,000,000.  It 
has  been  estimated  *  that  the  average  annual  production  of  dates  in 
the  Jerid  is  about  34,700,000  pounds,  of  which  somewhat  more  than 
5  per  cent  are  of  the  Deglet  Noor  variety.  (See  p.  63.)  Of  the 
total  product  of  other  varieties,  about  one-third  is  consumed  on  the 
spot,  the  rest  being  exported  to  various  parts  of  northern  Africa. 

In  the  shade  of  the  palms  (Pis.  I;  V,  fig.  2,  and  VI)  are  grown 
many  other  kinds  of  fruit  trees — oranges,  olives,  figs,  apricots, 
peaches,  pomegranates,  and  jujubes — interlaced  with  large  grape- 
vines that  often  hang  in  festoons  from  the  palm  trunks.  Beneath 
the  trees  are  small  plots  of  garden  vegetables,  barley,  and  alfalfa. 
Neither  date  palms  nor  other  trees  are  planted  with  any  regularity, 
and  the  growth  is  often  so  dense  that  the  garden  resembles  a  tropical 
jungle. 

Very  beautiful  are  these  gardens  in  the  spring,  when  the  apricot 
and  peach  trees  are  in  blossom  here  and  there  among  the  palms  and 
the  figs  and  vines  are  putting  forth  their  leaves.  In  autumn,  when 
the  dates  are  ripening,  the  color  effects,  especially  when  the  tops  of 
the  palms  are  lit  up  by  the  last  rays  of  the  setting  sun,  are  some- 

o  By  Dollin  du  Fresnel,  Le  DJ^rid  Tunisien.  Bui.  d^  ia  Soc.  de  Gtogr.  Comm. 
22:  38  (1900). 
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thing  that  once  seen  can  never  be  forgotten.  The  great  clusters  of 
fruit,  displaying  every  tint  from  bright  yellow,  through  orange, 
vermilion,  and  maroon,  to  plum  purple  and  chestnut  brown,  with 
their  brilliant  yellow  or  rich  orange  ivory-like  stalks,  contrast  su- 
perbly with  the  dull  bluish  or  gray  green  of  the  feathery  crowns  of 
foliage.  It  is  small  wonder  that  a  whole  folklore  of  poetic  legends 
and  proverbs  has  grown  up  around  the  date  palm  in  the  regions 
where  it  flourishes.* 

The  oases,  especially  Nefta,  were  formerly  much  exposed  to  the 
encroachment  of  the  wind-blown  sand  of  the  desert,  but  since  the 
French  occupation  the  forestry  service  has  taken  effective  measures 
to  protect  them  from  this  danger.  Around  each  oasis,  at  a  distance 
from  the  edge  of  the  gardens  generally  of  1,000  feet,  although  vary- 
ing according  to  circumstances,  a  mud  wall,  surmounted  by  a  fence 
of  palm  leaves,  has  been  erected.  The  sand  drifts  against  this,  form- 
ing an  artificial  dune  sloping  outward.  As  fast  as  this  dune  increases 
in  height,  the  palisade  is  built  higher.  The  slopes  of  the  dune 
itself  are  planted  with  tamarisks,  retam,  and  other  desert  shrubs 
suitable  for  binding  the  sand.  The  zone  between  the  palisade  and  the 
gardens  is  strictly  forbidden  to  the  domestic  animals  that  were 
formerly  pastured  there,  as  they  kept  the  soil  in  a  loose  condition 
and  prevented  the  growth  of  the  natural  vegetation  that  helps  to  hold 
it  in  place.  At  the  most  exposed  points  a  series  of  outer  palisades^ 
erected  at  regular  intervals,  arrests  a  good  part  of  the  sand  before  it 
can  reach  the  barrier  which  is  nearest  the  gardens. 


oA  number  of  these  legends  and  beliefs  are  related  by  Charlet  (Les  Palmlera 
du  Mzab,  Bui.  Soc.  G^gr.  d'Alger,  1905.  Mohammed  enjoined  the  care 
of  the  date  palm  as  an  almost  religious  duty,  saying,  **  The  palm  is  your 
aunt — the  sister  of  your  father  Adam.*'  He  also  spoke  of  the  date  as  "the 
only  fruit  which  has  in  heaven  the  same  flavor  as  upon  earth/*  and  described 
in  these  glowing  terms  the  palms  that  grow  in  paradise:  ** Trunks  of  gold, 
spathes  of  gold,  branches  of  gold,  leaves  of  gold,  stalks  of  gold,  petals  of  gold, 
fruits  as  large  as  buckets,  softer  than  butter,  sweeter  than  honey."  Another 
Arab  i)oet  imagined  thus  the  dates  of  paradise:  "They  will  be  whiter  than 
milk,  more  transparent  than  honey,  softer  than  butter;  they  will  have  no 
stones.**  The  origin  of  the  date  palm  is  often  the  theme  of  Mohammedan 
writers.  **  When  God  had  shaped  Adam*s  body  with  his  hands,  a  little  of  the 
earth  which  He  had  used  to  fashion  in  his  image  our  first  father  stuck  to  his 
fingers.  He  rolled  It  between  his  hands,  making  from  it  the  trunk  of  the 
palm.**  The  Arabs  profess  to  see  many  points  of  resemblance  between  the  date 
palm  and  man,  its  friend  and  ally.  "  Like  man,  it  holds  up  its  head ;  like  man, 
it  has  a  companion  of  a  different  sex.  Its  heart  (terminal  bud),  immaculately 
white,  is  as  tender  and  delicate  as  the  brain  of  a  man,  the  least  hurt  causing 
its  death.  Like  man,  it  fears  cold.  If  one  of  its  branches  be  cut  off,  it  does 
not  grow  out  again,  and  thus  is  like  a  man*s  limb.  If  one  cuts  off  Its  head,  it 
dies.  The  fiber  (leef)  that  surrounds  its  head  resembles  human  hair.*'  The 
little  circle,  about  1.5  millimeters  in  diameter,  that  is  found  on  the  back  of  the 
stone  is  believed  to  be  the  impress  of  the  seal  of  Solomon. 
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The  Jerid  region  was  evidently  occupied  by  the  Romans,  and  frag- 
ments of  structures  belonging  to  their  epoch  are  frequently  met  with. 
Both  Nefta  (Nepte)  and  Tozer  (Thusuros)  are  situated  on  or  near 
the  site  of  ancient  Roman  towns.  Although  frequently  harried  and 
pillaged  by  the  nomadic  Arabs  and  by  other  wild  tribes  of  the  desert, 
the  oases  of  the  Jerid  have  been,  so  far  as  we  know,,  in  a  continuous 
state  of  cultivation  throughout  the  Christian  era.  An  Arab  author 
of  the  eleventh  century  celebrated  in  glowing  terms  their  fertility 
of  soil  and  the  beauty  of  their  dense  forests  of  date  palms.  "  No  other 
place  in  Africa,"  he  wrote,  "  produces  so  many  dates." 

Until  the  completion  of  the  railway  from  Sfax,  on  the  east  coast 
of  Tunis,  to  the  rich  phosphate  mines  a  few  miles  to  the  west  of 
Gafsa  (see  map,  fig.  1),  the  main  artery  of  communication  of  the 
Jerid  with  the  coast  was  the  road,  or  rather  trail,  across  the  Shott 
Jerid,  through  the  oases  of  the  Nefzaoua,  and  then  along  the  southern 
bank  of  the  Shott-el-Fejej  to  Gabes,  the  total  distance  from  Tozer 
to  Gabes  being  about  120  miles.  All  the  dates  at  that  time  exported 
from  the  Jerid  to  Europe  had  to  be  carried  over  this  road  by  caravan. 
Now,  however,  Tozer  is  only  about  35  miles  from  the  end  of  the  rail- 
way, and  communication  with  the  outside  world  is  comparatively 
easy. 

The  total  population  of  the  Jerid  oases  is  about  30,000,  Tozer  and 
Nefta  each  counting  about  9,000  inhabitants.  Practically  this  entire 
population  is  supported  by  date  culture,  as  the  other  agricultural 
products  of  the  oases  are  of  so  little  importance  as  to  be  almost 
negligible  and  only  a  very  small  fraction  of  the  population  sup- 
ports itself  by  manufacturing  various  fabrics. 

Nefta,  the  most  western  oasis  of  the  Jerid,  is  said  to  occupy  over 
6,000  acres.  The  number  of  date  palms  it  contains  is  variously  esti- 
mated at  from  180,000  to  385,000,  of  which  only  14,000  are  said  to  be 
of  the  Deglet  Noor  variety .«  The  oasis  consists  of  two  distinct  parts ; 
on  the  north  a  deep  basin,  called  by  the  French  the  "  Corbeille " 
(basket),  in  which  arise  the  springs  that  water  the  gardens,  and  on 
the  south  the  fan-shaped  larger  portion,  extending  to  the  low  salt 
flats  that  fringe  the  Shott  Jerid.  The  town  of  Nefta  (PL  VI,  fig.  3), 
the  holy  city  of  southern  Tunis,  lies  between  the  two  segments  of  the 
oasis  and  is  itself  separated  into  two  parts  by  a  deep  ravine  (shown  in 
the  foreground  of  PI.  VT,  fig.  3).  Through  this  ravine  runs  the 
stream  that  carries  the  waters  of  the  springs  from  the  "  basket " 
to  the  lower  part  of  the  oasis.  The  palms  that  occupy  the  "  basket  " 
are  of  unusual  beauty.     It  is  said  that  a  few  years  ago  an  English 

«  But  by  the  same  authority  the  total  uumber  of  all  kinds  is  giveu  as  only 
180,000. 
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company  made  an  unsuccessful  attempt  to  purchase  this  part  of  the 
oasis.<* 

Better  sheltered  as  it  is  than  Tozer,  especially  on  the  north,  and 
said  to  possess  a  more  fertile  soil,  Nefta  is  well  situated  for  date 
growing,  and  its  palms  yield  fruit  of  high  quality.  Its  gardens  are 
celebrated  for  their  beauty,  containing  many  orange,  apricot,  fig,  and 
other  fruit  trees,  in  addition  to  the  date  palms,  which  are  largely  of 
choice  varieties.  More  vegetables,  grain,  and  alfalfa  (PL  VIL, 
fig.  2)  are  grown  here  than  in  the  other  oases  of  the  Jerid.  On  the 
side  toward  the  Shott  new  palm  gardens  are  being  established  (PL 
VII,  fig.  2)  and  are  planted  iats  fpir  as  possible  to  the  Deglet  Noor 
variety. 

Tozer  oasis  lies  about  15  miles  east  of  Nefta.  The  oasis  proper 
extends  eastward  and  southward  from  the  town  of  Tozer,  which, 
like  all  the  towns  of  the  Jerid,  occupies  high,  open  ground  outside 
the  gardens.  It  is  the  political  capital  of  the  Jerid  region.  The 
elevation  of  the  town  above  sea  level  is  about  153  feet,  but  the  oasis 
is  several  feet  lower.  The  area  of  this  oasis  is  variously  given  as 
2,650,  5,400,  and  7,400  acres,  but  it  is  probably  larger  than  that  of 
Nefta.  Different  authorities  state  the  number  of  palms  contained 
in  this  oasis  at  from  250,000  to  417,000,  of  which  only  about  14,000 
are  of  the  Deglet  Noor  variety.  The  gardens  of  Tozer  differ  from 
those  of  Nefta  in  the  smaller  development  of  subsidiary  cultures. 
The  chief  fruit  trees,  other  than  date  palms,  are  figs  and  pome- 
granates. 

The  oasis  of  El  Oudiane  begins  about  5  miles  east  of  the  town  of 
Tozer  and  extends  for  about  5  miles  along  the  northern  border  of 
Shott  Jerid,  in  a  band  that  is  from  one-half  mile  to  2  miles  w^ide. 
It  lies  so  near  the  Shott  that  in  winter  the  salt  water  sometimes 
rises  nearly  to  the  gardens.  It  is  generally  described  as  a  group  of 
five  oases,  but  these  are  practically  continuous,  although  each  has  its 
own  village.  The  westernmost,  known  as  El  Degache,  contains  the 
finest  gardens.  The  terrace,  at  the  base  of  which  the  oases  lie,  is 
here  much  higher  and  closer  to  the  gardens  than  at  Tozer  and  Nefta, 
and  El  Oudiane  is  the  best  protected  from  the  north  wind  of  all  the 
Jerid  oases.  Hence  its  dates,  especially  those  of  the  Deglet  Noor 
variety,  are  admitted  on  all  sides  to  l>e  the  finest  produced  in  the 
region. 

There  are  estimated  to  be  from  120,000  to  212,000  date  palms  in 
the  El  Oudiane  oases.  As  8,000  of  these  are  said  to  be  Deglet  Noors, 
the  percentage  of  that  variety  is  considerably  higher  than  in  the 
other  oases.     Besides  the  magnificent  date  palms,  there  are  about 

« The  "  basket "  of  Nefta  reminds  one  of  the  sunken  gardens  of  the  Oued 
Souf  (Bui.  86,  Bureau  of  Plant  Industry),  but  is  much  larger  than  any  of  them 
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25,000  olive  trees  in  the  El  Oudiane  group,  most  of  these  being  at 
Degache,  where  much  oil  is  made  for  local  use.  There  is  also  an 
abundance  of  other  fruit  trees,  oranges,  figs,  pomegranates,  apri- 
cots, grapevines,  and  even  a  few  bananas.  In  fact,  the  gardens  of 
El  Oudiane  are  among  the  best  kept  and  the  most  attractive  in  the 
Sahara.  The  population  is  more  active  and  laborious  than  that  of 
the  other  oases  of  the  Jerid. 

El  Hamma,  situated  about  5^  miles  north  of  Tozer,  lies  on  the 
northwest  point  of  the  Draa-el-Jerid  terrace,  on  the  south  declivity 
of  which  the  other  oases  are  placed.  The  oasis  slopes  westward  to 
the  Shott  Gharsa,  instead  of  toward  Shott  Jeri(L  It  is  practically 
unsheltered  from  the  north  wind,  which  is  probably  the  chief  reason 
why  its  dates  are  the  poorest  of  the  region.  It  contains  only  60,000 
or  70,000  palms,  of  which  but  800  are  Deglet  Noors.  With  a  few  ex- 
ceptions, the  gardens  of  this  oasis  are  neglected  and  have  grown  up  in 
weeds  and  grass.  Many  of  the  palms  receive  no  attention  >vhatever, 
and  many  seedlings  of  inferior  quality  have  been  allowed  to  spring 
up.  The  population  is  sparse  and  seems  to  be  thoroughly  disheart- 
ened. Dates  are  said  to  mature  less  perfectly  here  than  in  the  other 
oases. 

THE   NEI-'ZAOUA. 

The  region  known  as  the  Nefzaoua  occupies  a  narrow  peninsula- 
that  is  bounded  on  the  south  by  th^  eastern  end  of  tlie  Sliott  Jerid 
and  on  the  north  by  the  Shott-el-Fejoj.  The  latter,  which  is  merely 
a  prolongation  of  the  former,  extends  eastward  to  within  14  miles 
of  the  coast,  near  Gabes.  From  Fetnassa,  the  northwesternmost 
oasis  of  the" Nefzaoua  group,  to  Kriz  (El  Oudiane),  the  nearest  point 
ill  the  Jerid,  the  distance  is  about  30  miles,  the  road  leading  diag- 
onally across  the  salt-crusted  mud  flats  of  the  Sliott  Jerid.  From 
Kebili,  the  capital  of  the  Nefzaoua  (see  map,  fig.  1),  to  Gaines,  on  the 
coast,  the  distance  is  about  G4  miles  as  the  crow  flies,  the  direction 
l)eing  a  little  north  of  east.  By  the  road  usually  traveled,  which 
follows  the  south  shore  of  the  8hott-el-Fejej,  the  distance  is  some- 
what greater.  Before  the  railway  from  Sfax  to  the  phosphate  mines 
west  of  Gafsa  was  built  this  road  formed  the  principal  outlet  to 
the  coast  for  the  Jerid  as  well  as  the  Nefzaoua  oases.  Along  this 
route  there  are  a  few  small  oases,  but  no  important  ones  are  en- 
countered until  one  neai*s  Galx^s. 

The  Nefzaoua  comprises  a  large  number  of  oases — more  than  1,000, 
according  to  the  estimates  of  reliable  authorities.  Most  of  these, 
however,  are  mere  small  groves  of  palms,  only  forty  of  them  attain- 
ing any  considerable  size.  They  are  situated  both  on  the  north  and 
the  south  slope  of  the  stony  ridge  that  forms  the  backbone  of  the 
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peninsula.  This  ridge  is  the  western  extension  of  the  desert  moun- 
tain range  known  as  the  Jebel  Tebaga,  which  forms  the  southern 
border  of  the  Shott-el-Fejej.  The  oases  that  are  on  the  south  side 
of  this  ridge  are  naturally  more  sheltered  from  the  north  wind  and 
better  situated  for  the  ripening  of  dates  than  those  on  the  north 
side. 

The  population  of  the  Nefzaoua  is  stated  to  be  25,000,  distributed 
in  45  villages.  The  total  number  of  date  palms  in  the  region  is 
estimated  by  one  authority  to  be  280,000,  by  another  over  1,000,000. 
The  first  estimate  is  probably  more  nearly  correct.  It  is  a  pecu- 
liarity of  the  Nefzaoua,  which  places  it  in  strong  contrast  with  the 
Jerid,  that  the  oases  are  mostly  situated  upon  the  higher  lands. 
The  reason  is  that  nearly  all  the  springs  are  found  craterwise  at  the 
summits  of  small  volcano-like  hillocks,  and  the  gardens  of  date 
palms  have  grown  up  around  them.  The  water  supply  is  abundant, 
and  owing  to  the  situation  of  the  springs  with  relation  to  the  gar- 
dens irrigation  is  generally  easy.  In  the  oasis  of  Menchia,  however, 
the  gardens  are  generally  some  distance  away  from  the  springs,  and 
water  is  conducted  to  them  by  means  of  tunnels  that  have  been  liored 
into  the  sides  of  the  hills  in  which  the  springs  rise.  Some  of  these 
tunnels  are  said  to  have  been  constructed  in  the  times  of  ancient 
Rome,  this  region  also  having  been  occupied  by  the  Romans.  In  the 
Nefzaoua,  as  in  the  Jerid,  the  water  sheet  is  located  in  cretaceous 
strata. 

Menchia  is  the  most  important  of  the  oases  on  the  north  side  of  the 
ridge.  Its  soil  is  sandy  and  contains  much  gypsum,  but  not  an 
excessive  amount  of  the  more  readily  soluble  salts.  On  the  south 
slope  the  oasis  which  pertains  to  the  two  villages  of  Tlemine  and 
Mansourah  is  the  largest,  and  its  gardens  are  the  best  kept  of  the 
region.  It  is  said  to  contain  29,000  palms,  while  the  next  largest 
oasis,  Kebili,  contains  20,000.  In  these  two  oases  the  soils  are  gen- 
erally excellent,  although  frequently  a  trifle  salty. 

The  culture  of  the  date  palm  is  generally  given  less  care  in  the 
Nefzaoua  than  in  the  Jerid.  Many  of  the  gardens  have  been  allowed 
to  grow  up  in  seedlings  of  poor  quality  and  are  almost  choked  with 
weeds.  The  Deglet  Noor  variety  has  not  heretofore  been  grown  in 
the  Nefzaoua,  although  the  conditions  would  appear  to  be  perfectly 
suitable  for  it.  Recently  the  forestry  service  has  taken  some  steps 
toward  establishing  its  culture  in  some  of  the  oases.  The  growing 
of  other  fruit  trees  and  of  crops  of  vegetables,  cereals,  and  forage 
plants  among  the  palms  receives  much  less  attention  than  in  the  Jerid. 
A  great  deal  of  trouble  has  resulted  from  the  incursion  of  wind-blown 
sand,  and  here,  as  in  the  Jerid,  the  forestry  service  has  had  to  under- 
take the  protection  of  the  oases  by  constructing  palisades  and  by 
prohibiting  the  pasturing  of  animals  on  the  outskirts  of  the  gardens. 
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South  of  Kebili  there  is  a  region  of  sand  dunes,  and  here  the  palms, 
according  to  M.  Minangoin,  inspector  of  agriculture,  are  grown  in 
sunken  gardens,  similar  to  those  of  the  Oued  Souf  region,*  but  on  a 
smaller  scale.  In  the  oasis  of  Douz,  about  16  miles  south  of  Kebili, 
this  form  of  date  culture  reaches  its  highest  development  in  Tunis. 
There  basins  among  the  dunes  are  excavated  to  a  depth  of  about  13 
feet  and  often  100  to  130  feet  square  (the  sand  l)eing  carried  out  in 
baskets)  in  order  to  plant  a  dozen  or  so  palms  and  a  few  other  fruit 
trees.  The  palms  grown  with  such  an  enormous  exi>enditure  of  labor 
almost  always  belong  to  inferior  varieties.  During  several  months 
of  each  year  most  of  the  iK)pulation  of  this  oasis  migrates  in  search 
of  pasturage  for  its  flocks.  Upon  the  return  of  the  inhabitants 
thev  must  inmiediatelv  set  to  work  to  clear  out  the  sand  that  has 
invaded  their  gardens,  a  task  that  requires  nearly  as  much  labor  as 
the  original  excavation. 

GABES. 

In  extreme  southern  Tunis  the  Sahara  Desert  practically  reaches 
the  seashore,  forming  tlie  region  known  as  the  "Aarad."  One  of  the 
largest  and  most  flourishing  groups  of  oases  in  the  country  is  that 
ijvhich  has  for  its  center  the  seaport  town  of  Gal)es.  These  oases  are 
well  supplied  with  water,  those  nearest  Gabes  chiefly  by  means  of  a 
series  of  little  dams  in  the  Oued  Gabes  (Gabes  River)  and  its  branches, 
the  more  distant  ones  from  springs  and  wells.  The  large  oasis  of 
Kl  Hamma — of  the  same  name  as  one  in  the  Jerid  region — is  famous 
for  its  hot  springs.  This  oasis  bas  an  area  of  about  4,000  acres,  and 
the  combined  area  of  those  nearer  Gal)es  is  said  to  l)e  alx)ut  the  same. 

Al)out  400,000  date  palms  are  estimated  to  exist  in  the  oases  of 
Gabes  and  El  Hamma  together.  At  Gabes  the  humidity,  due  to 
the  proximity  of  the  sea,  prevents  the  successful  growing  of  the  finer 
varieties,  notably  the  Deglet  Noor.  While  the  date  palm  itself 
thrives  admirably  in  the  Gabes  region,  and  a  great  numl)er  of  varie- 
ties exist  there,  the  fruit  produced  is  far  inferior  in  flavor  and  sweet- 
ness to  that  of  the  Jerid  and  the  Nefzaoua.  Moreover,  it  is  said  not 
to  keep  w^ell  and  easily  to  become  moldy.  The  same  criticism  applies 
to  the  dates  grown  on  the  neighboring  island  of  Jerba,  where  also 
there  are  about  400,000  palms.^  But  at  EI  Hamma,  although  only 
15^  miles  inland,  the  quality  of  the  dates  is  appreciably  l)etter. 

«  See  Bui.  8G,  Bureau  of  Plant  Industry.  U.  S.  Department  of  Agriculture,  1905. 

»  It  l8  Interesting  to  know  that  some  kinds  of  dates  can  be  rl[)ened  on  the 
weaconst,  even  considerably  farther  north  than  Gal>os.  M.  Minangoin,  Inspector 
of  agriculture  at  Tunis,  in  a  letter  to  the  writer,  describes  a  small  oasis  of  4,000 
to  5,000  palms,  sltuattnl  on  a  sand  spit  near  Susa  (Sousse),  about  120  miles 
north  of  Gabes.  Two  kinds  of  dates  are  grown,  of  one  of  which  the  fruits  must 
be  eaten  the  day  they  are  gathered,  while  the  other  kind  can  be  kept  for  only 
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In  respect  to  other  cultures,  however,  Gabes  is  easily  first  among 
the  Tunis  oases.  Garden  vegetables  grow  to  perfection  beneath 
the  palms  and  mature  so  early  that  were  there  better  facilities  for 
transportation  there  would  be  a  large  profit  in  shipping  them  to 
European  markets.  Alfalfa  grows  beautifully  and  gives  a  rapid 
succession  of  cuttings  throughout  most  of  the  year.  Large  yields 
of  barley  are  obtained.  Fruit  trees  of  various  kinds,  but  especially 
figs  and  pomegranates,  are  abundant  and  produce  fruit  that  is  highly 
esteemed  throughout  Tunis.  Gabes  is  celebrated  for  the  production 
of  a  small,  deliciously  flavored  banana  that  is  exported  in  sffine 
quantity  to  Europe.  The  grapevine  grows  to  enormous  size,  and 
individual  vines  that  produce  330  pounds  of  fruit  are  said  to  be  not 
uncommon.  Notwithstanding  the  scanty  rainfall,  plantations  of  oil 
olives  in  land  that  is  not  irrigated,  similar  to  those  of  Sfax,  are  being 
established  on  the  outskirts  of  some  of  the  oases. 

GAFSA. 

The  town  of  Gafsa  is  situated  about  50  miles  northeast  of  Tozer, 
the  capital  of  the  Jerid,  and  is  connected  with  Sfax,  on  the  east  coast 
of  Tunis,  by  a  railway  about  125  miles  long.  The  elevation  of  Gafsa 
above  sea  level  is  about  1,150  feet.  Tributary  to  the  oasis  of  Ga&a 
itself  are  one  or  two  other  oases  of  small  importance.  Gafsa  oasis 
contains  from  50,000  to  05,000  date  palms.  These  belong  mostly  to 
inferior  varieties,  and  the  dates  produced  are  of  mediocre  quality. 
Because  of  its  much  greater  elevation  this  locality  is  entirely  unsuited 
to  choice  varieties,  such  as  the  Deglet  Noor.  The  water  supply  is 
more  than  ample  for  the  present  extent  of  the  oasis.  The  date  is 
here  hardly  a  more  important  crop  than  the  olive,  of  which  there  are 
many  thousands  of  trees.  Oil  varieties  predominate.  At  the  begin- 
ning of  the  Christian  era  Gafsa  (then  known  as  Capsa)  was  included 
in  the  great  olive  zone  that  extended  from  the,  east  coast  of  Tunis 
across  into  Algeria,  and  of  which  only  scattered  fragments  remain. 

four  or  Ave  days.  These  must  be  picked  from  the  bunches  as  fast  as  ttiey 
ripen,  which  necessitates  climbing  each  palm  every  day  until  all  of  its  product 
is  harvested.  These  dates  are  sold  in  the  markets  of  Susa  at  a  rather  high 
price,  as  they  ripen  at  a  time  when  other  fresh  fruit  Is  not  obtainable.  They 
are  eaten  only  by  the  natives,  Europeans  holding  them  in  small  esteem.  The 
high  value  set  upon  them  by  the  natives  Is  shown  by  the  fact  that  the  off- 
shoots are  sold  at  a  price  of  $2  apiece.  While  the  two  varieties  grown  at  this 
locality  are  doubtless  of  little  Intrinsic  value,  It  Is  remarkable  that  dates  of  any 
sort  wilt  mature  under  these  climatic  conditions;  for  at  Sfax,  where  the  sum- 
mers are  slightly  hotter  than  at  Susa,  the  normal  sum  total  of  mean  daily 
temperatures  from  May  1  to  October  31  is  only  1.068**  F.,  and  the  normal  sum 
of  mean  daily  maxima  during  the  same  period  is  only  3,375**  F. 
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At  the  present  time  the  culture  of  the  olive  as  carried  on  at  Gafsa 
leaves  much  to  be  desired,  and  the  gardens  are  generally  not  well 
cared  for.  The  pomegranates  of  Gafsa  are  considered  the  best  grown 
in  Tunis. 

CLIMATE. 

The  climate  of  southern  Tunis  is  essentially  that  of  a  desert,  al- 
though modified  by  the  nearness  of  the  sea.  This  modification  is,  of 
course,  most  marked  at  Gabes,  on  the  coast,  which  has  a  more  humid 
atmosphere  and  lower  summer  temperatures  than  the  other  oasis 
groups,  and  is  consequently  not  well  adapted  to  the  culture  of  the 
finest  varieties  of  dates.  At  Gafsa  the  air  is  drier  than  at  Gabes, 
but  the  high  altitude  (1,000  feet)  lowers  the  temperatures  and  shortens 
the  summer  to  a  degree  that  renders  this  oasis  unsuitable  for  the  late- 
ripening  varieties.  Only  in  the  Jerid  and  the  Nefzaoua  oases  do  we 
find  the  climatic  conditions  that  are  necessary  for  the  perfect  ripening 
of  the  finest  sorts  of  dates. 

TEMPERATURE. 

In  the  following  tables  data  are  given  for  five  localities  in  Tunis 

where  the  date  palm  is  the  principal  culture,  viz,  Tozer  and  Nefta 

(Jerid),  Kebili  (Nefzaoua),  Gabes,  and  Gafsa.    The  normals  for  the 

different  localities  and  for  different  months  have  been  compiled  from 

records  of  observations  covering  periods  of  unequal  length,  being 

from  nine  to  thirteen  years  at  Tozer.     The  monthly  normals  for  Gabes 

and  Gafsa  have  been  corrected  so  as  to  agree  with  the  normals  of 

fifteen  years  for  each  season  (winter,  spring,  summer,  and  autumn).** 

All  temperatures  are  given  in  degrees  Fahrenheit. 

■     ■  I        -     — 

«  As  given  by  G.  Ginestous  (Etude  sur  le  Climat  de  la  Tunisie,  Bui.  Dir.  Agr. 
et  Ctom.,  Tunis,  1902,  pp.  G4,  210,  334,  413;  1903,  p.  103).  The  discrepancy  be- 
tween the  seasonal  normals  given  by  this  author  and  the  monthly  normals 
compiled  from  various  sources  is  usually  only  a  fraction  of  1  degree  Fahren- 
heit for  each  month,  although  sometimes  amounting  to  3  or  4  degrees.  The 
monthly  normals  have  been  compiled  from  the  records  published  in  the  Annales 
du  Bureau  Central  M<^tC'oroiogique  de  France  and  in  the  quarterly  Bulletin 
de  la  Direction  de  TAgriculture  et  du  CJommerce  de  Tunis.  Those  for  Nefta 
and  Kebiii,  localities  for  which  seasonal  normals  are  not  given  by  Ginestous, 
are  based  upon  short  periods  of  observation,  in  no  case  exceeding  six  years, 
and  in  some  cases  of  only  three  years,  although  generally  four  or  five  years. 
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Table  1. — Normal  mean  temperatures  of  localities  in  the  desert  regions   of 

Tunis,  Algeria,  and  the  United  States. 


Month. 


Tnnis. 


Algeria. 


United 


Janqary 51.3 

February I  65.9 

March 62.1 

April I  68.7 

May '  76.1 

June I  86.2 

July '  92.0 

August I  98.0 

September I  83.1 

October ,  73.0 

November I  61.7 

December 52.3 

I 

Year !  71.2 


• 

ft 

1 

1 

1 

« 

9 

s8 

Ti 

49.6 

o 

60.5 

51.8 

66.3 

56.5 

66.6 

61.1 

61.7 

60.7 

60.2 

71.9 

64.2 

74.5 

74.8 

60.2 

84.3 

84.1 

76.3 

80.1 

89.4 

81.3 

88.8 

87.0 

81.0 

83.8 

88.6 

80.0 

72.9 

72.5 

72.8 

61.4 

59.8 

62.9 

70.4 

52.0 

54.3 

70.1 

67.4 

48.2 
58.7 
58.1 
64.2 
71.4 
80.4 
85.6 
85.4 
81.7 
71.3 
59.8 
48.6 

67.4 


9    I 


50.5 

47.3 

58.2 

40.8 

68,3 

54.9 

63  1 

64.0 

71.8 

74.8 

80.6 

86.0 

87.1 

98.1 

85.8 

85.1 

78.8 

83.7 

67.6 

68.4 

57.2  1  58.6  1 

51.3 

48.9 

67.1 

67.8 

46.8 
51.8 
50.9 
66.4 
78.6 
82.4 
90.7 
86.0 
78.1 
63.5 
52.9 
46.0 


48.8 
54.3 
53.9 
67.0 
74.4 
83.9 
00.2 
88.2 
81.4 
68.3 
68.5 
62.3 


0 


54.1 
58.6 
63.9 
68.9 
7«.9 
84.4 
91.2 
90.4 
84.3 
72,4 
62.3 
56.9 


S&9 
ttl.5 
8a.4 
79.7 
87.5 
86.6 
101.8 
88.7 
88.5 
78.4 
67.0 
57.4 


66.4  !  68.6     72.0      78.5 


Comparing  the  Tunis  localities  among  themselves,  we  notice  that 
during  most  of  the  year  the  Jerid  oases  (Tozer  and  Nefta)  are  the 
warmest,  and  that  next  to  them  is  the  Nefzaoua  (Kebili).  In  Novem- 
ber, December,  and  January,  however,  the  highest  means  are  reached 
at  Gabes,  on  the  seacoast.  The  normal  yearly  means  are  higher  in 
the  Jerid  and  the  Nefzaoua  than  in  any  of  the  Algerian  oases.  The 
difference  is  particularly  noticeable  during  the  winter  months,  when 
the  means  are  decidedly  lower  in  the  Algerian  oases  than  in  those  of 
the  Jerid  and  the  Nefzaoua.  The  normal  means  of  most  months  are 
higher  in  the  Jerid  and  Nefzaoua  oases  than  at  Phoenix,  Ariz.,  but 
low^er  than  at  Yuma,  Ariz.  They  are  much  lower  in  every  month 
than  at  Volcano  Springs,  Cal. 

1  ABLE  2. — Normal  mean  maximum  and  minimum  temperatures  of  localities  in 

the  desert  region  of  Tunis. 


Month. 

Tozer. 

Mean  maxima. 

Toaer. 

Ma 

Nefta. 

an  mini 
Kebili. 

39.2 
41.9 
48.2 
66.8 
60.2 
68.2 
73.4 
72.2 
69.8 
60.6 
48.2 
42.4 

ma. 
Oabes. 

Nefta. 

Kebili. 

Qabes. 

62.7 
67.6 
71.3 
76.0 
78.9 
85.3 
90.8 
91.4 
91.9 
83.6 
-    73.3 
65.6 

Qafaa. 

59.5 
66.2 
70.4 

80.7 

96.5 
102.8 
101.2 
96.2 
84.0 
75.0 
60.2 

Gafte. 

January 

59.4 
65.5 
72.5 
81.3 
89.1 
99.7 
107.1 
104.6 
98.7 
83.2 
70.5 
60.3 

63.7 
70.0 
76.1 
86.5 
8*.U 
99.2 
104.9 
103.8 
98.3 
86.1 
76.1 
71.0 

57.9 
&5.8 
72.5 
84.4 
88.3 
96.9 
103.8 
101.3 
95.1 
82.6 
70.6 
61.1 

42.8 
46.5 
52.3 
56.8 
66.3 
74.1 
77.6 
79.5 
72.5 
63.1 
53.2 
44.7 

37.7 
41.3 
47.8 
54.1 
60.2 
68.2 
73.2 
74.4 
69.5 
58.1 
60.5 
40.1 

40.7 
4a6 
48.6 
68.5 
58.0 
67.2 
71.0 
71.8 
71.0 
61.6 
60.6 
44.2 

81.5 

February  

89L8 

March 

44.6 

April 

49.9 

May 

56.3 

June 

July 

August 

September 

October  

November 

December 

63.9 
69.7 
69.1 
68.0 
57.3 
47.2 
37.7 

Year 

82.2 

85.4 

81.7 

78.2 

81.5 

60.7 

56.3 

56.8 

56.8 

5a4 
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As  is  shown  by  the  foregoing  table,  the  normal  yearly  maxima  are 
highest  in  the  Jerid  oases  (Tozer  and  Nefta)  and  are  lowest  at  Gabas, 
on  the  coast.  In  winter  the  maxima  are  higher  at  Nefta,"  but  lower 
at  Tozer  than  at  Gabes.  At  Tozer  the  minima  are  higher  for  nearly 
every  month  than  at  any  other  locality  in  Tunis,  while  at  Nefta 
those  for  June,  July,  and  August  are  higher  than  at  any  other 
locality  excepting  Tozer.  Comparing  Gafsa,  which  has  an  elevation 
above  sea  level  of  1,000  feet,  with  Gabes,  on  the  coast,  we  find  the 
maxima  higher  at  the  former  point  in  all  seasons  except  winter. 
The  minima  are  lower  at  Gafsa  than  at  Gabes  in  every  month  of  the 
year. 

A  climatic  factor  upon  which  the  success  of  date  culture  largely 
depends  is  the  sum  total  of  heat  received  during  the  ripening  period, 
which  can  be  taken  as  comprising  the  six  months  from  May  1  to 
October  31.  As  it  is  still  a  question  whether  the  sum  total  of  the 
daily  means  or  those  of  the  daily  maxima  give  the  best  expression 
of  this  factor,  both  sums  have  been  computed  for  the  Tunis  locali- 
ties, and  are  given  in  the  following  table.  Following  the  sugges- 
tion made  by  Mr.  W.  T.  Swingle,^  the  sums  of  the  daily  means  are 
based  upon  the  excess  of  the  normal  monthly  means  over  64.4°  F., 
while  in  computing  the  sums  of  the  daily  maxima  above  64.4°  deduc- 
tion has  been  made  for  normal  monthly  minima  that-  fall  below  that 
temperature. 

a  As  pointed  out  on  p.  21,  however,  the  results  for  Nefta  and  for  Kebili  are 
based  upon  too  short  i)eriods  of  observations. 
»  Bui.  53,  Bureau  of  Plant  Industry,  pp.  65-68. 
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Table  3. — Sums  of  daily  mean  and  daily  maximum  temperatures  above  64-4^  F, 
from  May  1  to  October  31^  at  localities  in  the  desert  regions  of  Tunis,  Algeria, 
and  the  United  States^ 


Locality. 

Sum  of 
daUy 
mean 
tempera- 
tures. 

Sum  of 
dailv 
maxi- 
mum 

tempers - 
turee. 

Period  covered  by 
observations. 

Remarks. 

To^w.  T^inifl    ... 

3,555.5 

8,277.7 
8,183.1 

2,272.7 

2,738.1 
3,304.0 

3,488.0 

3,019.0 
4,823.0 

6,818.5 

5,710.4 
5,357.6 

8,036.5 

4,048.9 
5,489.0 

5,938.0 

5,523.0 
7,806.0 

9  to  18  years 

All    varieties,    including    Deglet 

Nefta,  Tunis 

8  to  6  years.. 

Noor,  rii>en  perfectly.  " 
Do. 

K«Wli,  Tnpi*» 

4  to  5  years. 

Several  first-class  varieties  ripen 

fl-fthofl,  TTTiniifl 

15  years 

perfectly.    Deglet  Noor  not  yet 

grown. 
Finest  varieties  do  not  ripen  well: 

even  second  and  third  claas  dates 

do  not  always  ripen  perfectly. 
Too  cold  to  mature  the  finest  vari- 

Gaf  aa,  Tunis 

do 

Biskra,  Algeria... 

Ajrata,  Algeria . . . 

Phoenix,  Ariz 

Salton,  Cal 

10  years  ( means) ,  12^ 
years  (maxima). 

3  years  (means),  4 
years  (maxima). 

Many  years  (means) , 
4  years  (maxima). 

12  years  (means),  2 
averajge     years 
(maxima). 

eties. 

Many  varieties  ripen  perf ectlv,  but 
the  Deglet  Noor  is  generally  un- 
satisfactory. 

Deglet  Noor  ripens  well  in  hot  sum- 
mers, imperfectly  in  cool  sum- 
mers. 

Many  varieties  ripen  well,  bat  not 
the  Deglet  Noor. 

Dates  not  grown. 

It  would  appear  that  for  purposes  of  comparison  of  different 
localities  as  to  their  suitability  for  the  culture  of  fine  varieties  of 
dates  the  sums  of  the  daily  maximum  temperatures  are  more  satis- 
factory than  those  of  the  daily  means.  For  at  Biskra,  Algeria, 
where  the  Deglet  Noor  seldom  ripens  properly,  the  normal  sum  of  the 
daily  means  is  higher  than  that  given  above  for  Nefta,  and  only  250 
degrees  lower  than  at  Tozer,  yet  at  both  of  these  Tunis  localities  the 
Deglet  Noor  rarely  fails  to  mature,  while  the  normal  sums  of  the 
daily  maxima  both  at  Tozer  and  at  Nefta  are  considerably  higher 
than  at  Biskra.  Furthermore,  at  Ayata,  Algeria,  in  1891,  when 
Deglet  Noor  dates  ripened  "very  slowly  and  imperfectly,"  the  sum 
of  the  daily  means  was  3,431,  or  only  124  degrees  lower  than  the 
normal  for  Tozer  as  given  in  the  table.  But  in  favor  of  the  sum 
of  the  means  rather  than  of  the  maxima  is  the  fact  that  at  Ayata, 
where  the  Deglet  Noor  does  not  ripen  well  every  season,  the  normal 
sum  of  the  maxima  is  nearly  100  degrees  higher,  while  that  of 
the  means  is  about  70  degrees  lower  than  at  Tozer.  At  Phoenix, 
Ariz.,  where  the  Deglet  Noor  will  probably  not  mature,  the  sums 
of  daily  mean  and  daily  maximum  temperatures  are  several  hun- 
dred degrees  lower  than  at  Tozer.    At  Salton,  CaL,  however,  both 

o  The  sums  for  Biskra  and  Ayata,  Algeria,  and  for  Phoenix  and  Salton,  in  the 
United  States,  are  those  given  by  Swingle,  Bui.  53,  Bureau  of  Plant  Industry, 
pp.  GG  and  G8.  As  explained  by  Mr.  Swingle,  the  method  of  observing  tempera- 
tures formerly  used  at  Salton  has  probably  made  the  sum  for  that  point  appear 
to  be  higher  than  is  actually  the  case. 
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sums  are  so  very  much  higher  than  at  Tozer  that,  even  when  we  make 
a  considerable  allowance  for  the  probable  overestimate,  due  to  the 
way  the  observations  have  been  taken  at  Sal  ton  (see  p.  24),  we  can 
not  doubt  that  the  Salton  Basin  is  hot  enough  for  the  perfect  ripen- 
ing of  all  the  Tunis  varieties  of  dates.  At  Gabes,  on  the  coast  of 
Tunis,  only  second  or  third  rate  varieties  are  grown,  and  even  these 
often  fail  to  mature  well,  as  would  be  expected  from  the  low  sums  of 
temperature  (much  lower  than  at  Tucson,  Ariz.).  At  Gafsa,  also, 
where  the  sums  of  the  daily  mean  and  daily  maximum  temperatures 
are,  respectively,  nearly  300  and  nearly  500  degrees  lower  than  at 
Phoenix,  none  of  the  first-class  varieties  can  be  successfully  grown. 

A  comparison  of  the  weather  of  several  successive  years  at  Tozer 
during  the  six  months  that  are  most  decisive  in  the  ripening  of  dates, 
with  statements  of  the  character  of  the  succeeding  crops,  is  presented 
in  the  following  table : 

Table  4. — Climatic  conditiona  and  character  of  date  crop  at  Tozer,  1901  to  1905, 


Year. 

Sam  of 

means, 

May  to 

October. 

1901 

8,450 

1902 

3,899 

IfiOB 

3,809 

1904 

8,719 

1905 

8,665 

Sum  of 
maxima. 

May  to 
October. 


5,335 


5,982 


5,793 


Rainfall,  May  to 
October. 


May 0.87 

June 

Jnly 

An^ost 

September.  1.07 


cto" 


October 84 


2.78 


May. 

June 

July 

AuguBt 

September.  0.64 


)pt4 
sto 


October....  1.78 


Character  of  crop. 


5,622 


5,643 


2.42 

May 

June 

July 

Augrust 

September.  0.9!^ 
October 


Yield  not  stated. 

Quality  lowered  by  September  rains,  especially 
inferior  sorts,  which  contained  many  worms. 


Crop  very  largre,  but  quality  somewhat  injured 
by  autumn  rains. 


.93 

May 

June 

July 

August 0.08 

September.    .  13 


)pu 
Bto 


October 13 


.84 


May 0.17 

June 75 

July 11 

August. 


September. 
October 


.40 


Crop  much  smaller  than  in  1904. 


Crop  very  large  and  of  excellent  quality. 


1.43 


Harvest  retarded  until  October  23-26.    Dates 
ripened  imperfectly. 


Judging  by  the  data  for  1904,  the  period  of  the  writer's  visit, 
when  the  crop  was  admitted  on  all  sides  to  be  an  unusually  fine 
one,  both  as  to  the  quality  and  quantity  of  the  fruit,  it  would  seem 
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as  if  the  sum  of  the  daily  means,  which  in  1904  was  more  than  150 
degrees  higher  than  the  normal,  were  a  more  satisfactory  basis  for 
comparing  one  season  with  another  at  the  same  locality  than  the 
sum  of  the  daily  maxima,  which  was  about  200  degrees  lower  than 
the  normal.  Furthermore,  in  1905,  when  the  ripening  of  the  dates 
was  late  and  imperfect,  the  sum  of  the  daily  means  was  nearly  nor- 
mal, while  that  of  the  daily  maxima  was  again  nearly  200  degrees 
lower  than  the  normal.  In  1903,  when  the  crop  was  much  smaller 
than  in  1904,  the  sum  of  the  daily  maxima  was  only  25  degrees  lower 
than  the  normal,  while  the  sum  of  the  daily  means  was  nearly  250 
degrees  below  the  normal.  Still  more  conclusive  are  the  data  for 
1902,  a  year  when  the  crop  was  unusually  large.  The  sum  of  the 
daily  maxima  of  that  season  was  only  100  degrees  higher,  while  that 
of  the  daily  means  was  350  degrees  higher  than  the  normal. 

Table  5.^ — Mean  maximum  and  minimum  temperatures  at  Tozer  during  the 

months  of  May  to  October,  1904  and  1905. 


Year. 

May. 

Jane. 

Jnly. 

August. 

September. 

October. 

Max. 

90.8 
89.4 

Min. 

Max. 

89.2 
98.2 

Min. 

Max. 

Min. 

Max. 

Min. 

84.4 
79.7 

Max. 

Min. 

73.7 
75.9 

Max. 

8ai 

78,6 

Hin. 

1904 

66.3 
83.5 

75.7 
78.7 

104.7 
105.0 

85.4 
80.0 

108.7 
104.8 

96.2 
97.8 

61.3 

1905 

62.8 

Comparing  further  the  good  year  1904  with  the  poor  year  1905  at 
Tozer,  we  find  that  while  the  mean  maximum  was  much  higher  in 
June  and  slightly  higher  in  July  in  the  latter  year,  the  August  and 
October  maxima  were  considerably  higher  in  1904,  while  those  for 
May  and  September  differed  little  in  the  two  years.  The  mean 
minima  during  the  first  four  months  of  the  season  were  considerably 
higher  in  1904  than  in  1905. 

ATMOSPHERIC   HUMroiTT. 


The  amount  of  moisture  in  the  air  is  an  important  factor  in  date 
culture.  At  Gabes,  in  Tunis,  one  of  the  few  localities  in  the  world 
where  the  date  palm  is  extensively  grown  on  the  seacoast,  the  qual- 
ity of  the  fruit  is  often  seriously  impaired  by  this  cause  (see  p.  19). 
In  the  following  table  the  mean  relative  humidity  for  each  of  the 
four  seasons  and  for  the  year  is  given  for  several  localities  in  North 
Africa,  where  date  culture  exists,  and  for  localities  in  the  south> 
western  United  States,  where  it  can  probably  be  successfully  intro- 
duced. 


92 


PRECIPITATION. 


27 


Table  6. — Mean  relative  humidity  at  localiHes  in  the  desert  regions  of  Tunis, 

Algeria^  and  the  United  States. 


Season.a 

Tunis. 

Algeria. 

United 
States. 

Tozer. 

Oabe0. 

Gafsa. 

Biskra. 

Onargla. 

• 

Percent. 
48.5 
46.4 
80.1 
47.6 

Yuma. 

Winter 

Percent. 
70.6 
63.0 
62.0 
60.6 

Per  cent. 
70,1 
65.0 
64.1 
67.6 

Per  cent. 
64.0 
57.6 
47.0 
60.6 

Percent. 
50.8 
47.7 
84.9 
51.8 

Percent. 
46.9 

Spring 

88.8 

BnmiQ^r  

41.7 

Axitnnin  , . 

44.7 

Year 

61.3 

66.7 

57.0 

48.4 

48.1 

42.9 

• 

*  Winter  comprises  December,  January,  and  February ;  spring,  March,  April,  and  May ; 
anmmer,  June,  July,  and  August ;  and  autumn,  September,  October,  and  November. 

As  shown  by  the  above  table,  the  Tunis  oases  have  at  all  seasons  a 
decidedly  more  humid  atmosphere  than  those  of  Algeria.  At  Yuma 
the  air  is  drier  than  at  any  of  the  North  African  localities,  except  in 
summer,  when  Yuma  is  more  humid  than  Biskra  and  Ouargla. 
Comparing  the  three  Tunis  localities  one  with  another,  we  find  that 
at  most  seasons  the  humidity  is  greatest  at  Gabes,  as  would  be 
expected  from  its  situation  on  the  coast,  and  least  at  Gafsa,  which 
lies  in  the  midst  of  extremely  arid  elevated  plains  and  is  cut  off  from 
the  sea  by  ranges  of  desert  mountains.  Tozer  in  winter  is  slightly 
more  and  in  spring  little  less  humid  than  Gabes,  but  in  summer  and 
autumn  it  is  decidedly  drier.  All  things  considered,  the  humidity  at 
Tozer  is  surprisingly  higher  for  a  locality  where  the  finest  kinds  of 
dates  are  produced. 

PRECIPITATION.^ 

Table  7. — Normal  precipitation,  in  inches,  at  localities  in  the  desert  .regions  of 

Tunis,  Algeria,  and  the  United  States. 


Tunis. 

Algeria. 

United  States. 

Season. 

Tozer. 

Nefta. 

Qabes. 

Gafsa. 

Biskra. 

Tou- 
gourt. 

Ouar- 
gla. 

Phoe- 
nix, 
Ariz. 

Yuma, 
Ariz. 

1.8 
0.4 
0.6 
0.6 

Volcano 

Springs, 

Cal. 

Winter 

1.7 
2.4 
0.1 
0.7 

1.4 
2.1 
0.2 
0.7 

2.8 
1.9 
0.1 
2.7 

2.4 
8.4 
0.6 
1.9 

2.1 
2.2 

0.6 
1.8 

2.0 
1.6 
0.1 
1.8 

1.4 
1.4 
0.1 
0.7 

2.8 
1.0 
2.0 
1.6 

1.1 

Biirinir 

0.1 

Bummer 

Antnmn. 

0.2 
0.2 

Year 

4.9 

4.4          7.6 

8.8 

6.7 

5.0 

8.6 

6.9 

2.8 

1.6 

The  total  annual  rainfall  of  the  Jerid  oases  (Tozer  and  Nefta)  is 
very  much  less  than  that  of  Gabes,  on  the  coast  of  Tunis,  and  of 
Gafsa,  which  has  an  elevation  of  1,000  feet  above  sea  level.     Tozer 

oThe  relation  of  the  rainfall  of  the  Tunis  oases  to  date  production  is  dis- 
cussed under  the  heading  "  Ripening/'  on  pp.  51  and  52  of  this  bulletin. 
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has  about  the  same  total  precipitation  as  Tougourt,  in  Algeria,  con- 
siderably more  than  Ouargla,  Algeria,  and  considerably "  less  than 
Biskra,  Algeria,  and  Phoenix,  Ariz.,  the  last  two  locali'ties  having 
nearly  the  same  total.  The  Colorado  River  Valley  and  the  Salton 
Basin  in  the  United  States  receive  considerably  less  rain  than  any  of 
these  North  African  localities.  Regarding  the  distribution  by  sea- 
sons, we  find  that  nearly  one-half  of  the  total  precipitation  falls  in 
spring  in  the  Jerid  oases,  a  larger  proportion  than  at  any  of  the  other 
localities  given  in  the  table.  The  autumnal  precipitation  is  relatively 
smaller  at  Tozer  and  at  Nefta  than  at  any  of  the  other  localities 
excepting  Volcano  Springs,  Cal.  At  Phoenix  and  Yuma,  Ariz.,  the 
rainfall  in  summer  forms  a  much  higher  proportion  of  the  total  for 
the  year  than  at  any  of  the  other  points  included  in  the  table. 

IBBIQATIOK  AND  DKAINAQE. 

As  the  water  supply  and  irrigation  conditions  of  the  oases  of  the 
Nefzaoua,  Gabes,  and  Gafsa  have  been  briefly  discussed  under  the 
heading  "  Geography,"  only  the  Jerid  region  will  be  treated  in  this 
place. 

WATER  SUPPLY. 

The  oases  of  the  Jerid,  unlike  those  of  the  Oued  Rirh,  in  Algeria,* 
are  watered  by  means  of  springs  instead  of  wells.  This  is  explained 
by  the  fact  that  the  Jerid  oases  are  situated  at  the  very  base  of  the 
terrace  that  marks  the  northern  frontier  of  the  desert,  while  the  Oued 
Rirh  group  lies  well  into  the  Sahara.  Attempts  to  obtain  artesian 
water  in  the  Jerid  region  have  so  far  been  unsuccessful. 

The  springs  of  the  Jerid  are  all  situated  at  about  the  same  eleva- 
tion— 135  to  150  feet  above  sea  level.  They  originate  in  strata  of 
cretaceous  formation  at  the  base  of  the  line  of  bluffs.  As  the  springs 
are  very  numerous  and  in  many  cases  very  large,  maintaining  a  prac- 
tically constant  flow  throughout  the  year,  it  seems  unlikely  that  the 
scanty  rainfall  of  the  region  itself  can  account  for  the  abundance  of 
the  water  supply.^  The  general  temperature  of  the  water  as  it  issues 
from  the  ground  is  about  86°  F.,  and  varies  little  from  season  to 
season. 


o  See  Bui.  53,  Bureau  of  Plant  Industry,  U.  S.  Dept  of  Agriculture,  pp.  44-4G, 
where  the  Irrigation  of  the  date  palm  in  the  Algerian  Sahara  is  described ;  also, 
Bui.  80,  Bureau  of  Plant  Industry,  pp.  30-38,  where  this  subject  Is  discussed. 

6  Holland,  Hydrologie  du  Sahara  Alg6rien,  pp.  182,  183,  holds  that  the  water 
which  feeds  the  springs  of  the  Jerid  must  constitute  an  artesian  sheet,  derived 
largely  from  the  eastern  spurs  of  the  Aur6s  Mountains  and  flowing  deep  under 
the  elevated  plain  which  abuts  on  the  shotts  of  southern  Tunis.  On  the  other 
hand,  Doumet-Adanson  (Sur  le  regime  des  eaux  qui  alimentent  les  oaais  du  Sad 
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The  oasis  of  Nefta  is  supplied  with  water  by  a  large  number  of 
springs  that  arise  in  the  "  Corbeille,"  or  "basket"  (p.  15).  Their 
combined  flow,  amounting  to  about  292  gallons  (1,100  liters)  per  sec- 
ond, gives  rise  to  the  stream  which  waters  the  southern  part  of  the 
oasis.  This  quantity  of  water  is  estimated  by  RoUand  to  be  sufficient 
for  irrigating  the  entire  oasis  at  the  rate  of  about  2  acre- feet  per  acre 
annually. 

Taking  as  the  number  of  date  palms  existing  at  Nefta  the  mean  of 
the  two.#stimates  given  on  page  15,  we  should  have  282,500  trees.  If 
the  total,  aiipply  furnished  by  the  springs  were  divided  equally  among 
them,  ea^  would  receive  about  0.24  quart  per  minute,"  or  about  86 
gallons  per  day.  As  it  has  been  calculated  by  RoUand  that  to  give 
the  best  results  each  date  palm  should  be  allotted  at  the  source  of  sup> 
ply  0.53  quart  (0.5  liter)  per  minute  (hence  about  190  gallons  per 
day)*  it  is  evident  that  the  supply  available  is  not  sufficient  for  the 
perfect  irrigation  of  more  than  one-half  of  the  date  palms  of  the 
oasis. 

The  140  springs  that  supply  the  oasis  of  Tozer  with  irrigating 
water  give  rise  to  a  stream  that  delivers  about  278  gallons  (1,050 
liters)  per  second;  hence  about  3,200,000  cubic  feet  daily.  This 
quantity  is  estimated  to  suffice  for  irrigating  the  oasis  at  the  rate  of 
about  1.5  acre-feet  per  acre  annually.  Assuming  that  there  are 
385,500  palms  (the  mean  of  the  two  estimates  given  on  page  16)  in 
this  oasis,  and  making  the  calculation  upon  the  same  basis  as  for 
Nefta,  the  share  of  water  at  the  source  of  supply  available  for  each 
tree  would  be  only  0.17  quart  per  minute,  or  62.4  gallons  per  day, 
which  is  less  than  one-third  the  amount  (0.53  quart  per  minute)  esti- 
mated by  Rolland  as  the  optimum."  It  should  be  noted,  however,  that 
the  distribution  of  water  among  the  different  parts  of  the  oasis  is  very 

de  la  Tunisie,  Assoc.  Frang.  Avancem.  Sciences,  1884,  p.  72)  regards  the  infil- 
tration water  drained  through  the  sands  of  the  adjacent  region  as  sufficient  to 
supply  these  springs.  He  does  not  consider  the  water  sheet  to  be  of  artesian 
character. 

o  Rolland,  assuming  that  there  were  201,100  palms  at  Nefta,  calculated  that 
there  should  be  available  for  each,  at  the  source  of  supply,  0.33  liter  (0.35  quart) 
per  minute.  In  his,  as  in  the  wrtter*8  calculation,  no  deduction  is  made  for 
the  amount  of  water  lost  to  the  palms  through  seepage  and  evaporation  from  the 
ditches,  growing  of  other  crops,  and  use  by  the  inhabitants  and  their  domestic 
animals. 

6  See  Bui.  53,  Bureau  of  Plant  Industry,  p.  45. 

''A  much  lower  estimate  has  been  made  by  M.  Minangoin,  inspector  of  agri- 
culture at  Tunis,  of  the  amount  of  water  theoretically  available  for  each  date 
imlm  in  the  oasis  of  Tozer.  He  states  that  the  combined  flow  of  the  140  springs 
is  only  1,700,000  (instead  of  3,200,000)  cubic  feet  daily;  and  assuming  that  there 
are  300,000  trees  in  the  oasis,  he  arrives  at  the  figure  of  42  gallons  (160  liters) 
as  representing  the  amount  available  at  the  source  of  supply  for  each  palm  daily. 
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unequal,  the  palms  in  some  gardens  being  amply  and  even  super- 
abundantly irrigated,  while  thousands  of  trees  receive  no  irrigation 
whatever,  except  by  seepage.** 

There  is  ^me  indication  that  the  flow^  of  the  springs  at  Tozer  is 
diminishing  in  volume.  It  would  appear  also  that  there  has  been  a 
gradual  lowering  of  their  level,  due  to  the  progressive  cutting  down 
of  the  beds  of  the  streams  derived  from  them,  and  that  in  consequence 
the  irrigable  area  of  the  oasis  is  diminishing.^ 

In  the  oasis,  or  oasis  group,  of  El  Oudiane  60  springs  furnish  the 
water  with  which  the  gardens  are  irrigated.  They  are  generally 
smaller  than  those  of  Nefta  and  Tozer,  and  their  flow  is  said  to  be 
perceptibly  diminishing.  Their  waters  are  not  united  to  form  a  large 
stream  which  is  subsequently  divided  and  subdivided  by  dams,  as  in 
the  oases  just  described,  but  are  for  the  most  part  conducted  directly 
to  the  gardens.  These,  owing  to  the  small  width  of  the  oasis  and 
its  situation  at  the  very  foot  of  the  terrace,  are  nowhere  far  removed 
from  the  sources  of  supply. 

At  El  Hamma  there  are  15  springs  of  considerable  size,  one  of  them 
having  a  temperature  of  107.5°  F.  (42°  C).  To  this  spring,  which 
is  much  frequented  by  the  natives  for  the  sake  of  the  hot  baths  it 
affords,  the  oasis  owes  its  name,  which  means  "  the  bath." 

A  sample  of  irrigating  water  was  collected  by  the  writer  in  the 
main  stream  of  Tozer,  above  the  first  dam  which  divides  it  This 
water,  tested  both  at  the  moment  of  collection  and  two  months  later, 
when  the  analysis  was  made,  gave  neither  an  alkaline  nor  an  acid 
reaction.  Its  electrical  resistance  at  the  time  when  the  sample  was 
taken  was  117.3  ohms  at  60°  F.  The  chemical  analysis,  made  in  the 
laboratory  of  the  Bureau  of  Soils,  showed  209.2  parts  of  soluble 
matter  per  100,000  of  water.  The  composition  of  the  soluble  con- 
tents was  as  follows,  in  percentages  of  the  total : 

Table  8. — Chemical  composition  of  irrigation  water,  Tozer  oasis. 


Components  (ions). 

Conyentional  combinations. 

Calcium 

8.50 

4.54 

9.13 

12.34 

34.28 

24.33 

6.38 

Oal^him  ffnlphat4» , 

28. 8« 

MftimftRiuTn  .      .  ^  -  -  -  -  . 

M'Mrnp'^ium  Bulphatfl 

17.36 

Sodium 

Potassium  chlorid 

2S.47 

Potassium 

Msj^esium  chlorid 

4.U 

Sulphionw 

Sodium  chlorid 

10.68 

Chlbrions a 

(Sodinm  WcarbonatrO  ....     ...    .  . 

9.51 

ORrbonic  acid. 

loaoo 

100.00 

«  At  Biskra,  In  Algeria,  0.12  quart  per  palm  per  minute  is  found  to  give  satis- 
factory results,  the  water  being  retaine<l  at  the  bases  of  the  trees  in  holes  that 
are  dug  for  the  imri)ose.     (See  Bui.  5.3,  Bureau  of  Plant-  Industry,  p.  47.) 

^  Doumet-Adanson  ( ibid. )  noticed  old  date  palms  at  Tozer  that  could  no  longer 
be  irrigated,  being  no  less  than  40  feet  above  the  present  level  of  the  springs. 
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It  is  evident  from  this  analysis  that  the  water  afforded  by  the 

springs  of  Tozer  is  pui-e  enough  to  be  used  with  jjerfect  safety  in 

'  irrigating  any  crop  grown  there.     As  the  springs  of  the  other  oases 

of  Ihe  Jerid  have  a  similar  origin  (o  those  of  Tozer,  it  is  probable 

that  the  composition  of  their  waters  differs  little  from  the  foregoing. 

IRRIGATION    SYSTEM. 

Irrigation  at  Tozer  has  been  brought  to  a  higher  stage  of  develop- 
ment than  elsewhere  in  the  Jerid,  and  a  description  of  the  system  in 
use  at  Tozer  will  serve  for  the  other  oases  as  well."  It  is  said  to  have 
been  elaborated  long  ago  by  an  Arab  named  Ben  Chabet,  and  to  have 
been  religiously  maintained,  unchanged  as  he  planned  it,  to  this  day. 


Fia.  t.— IrrtgatioD  onsl  and  dlvendon  dam,  Toser  oasIs. 

The  details  of  its  management  are  transmitted  from  father  to  son  in 
a  certain  family.  Having  perfected  the  system  at  Tozer,  Ben  Chabet 
offered  to  do  the  same  service  for  the  inhabitants  of  Nefta,  who  were 
constantly  in  dispute  over  their  water  rights,  but  tlieir  jealousy  of 
Tozer  prevented  their  accepting  his  offer.  French  students  of  the 
Tozer  system  praise  very  highly  the  ingenuity  and  thoroughness  with 
which  it  has  been  worked  out. 

The  main  stream  which  collects  the  waters  of  all  the  springs  of 
Tozer  is  divided  and  subdivided  by  a  series  of  dams  made  of  palm 
logs  (fig.  2)  until  the  water  reaches  the  ultimate  divisions  or  seguias 
(ditches)    which   supply   each   individual   garden.     The   log  which 

"For  a  iletnilf^  iuf«unt  of  tliln  B.vntpiii,  aw  F.  MuHselot,  "  I-ea  Dattlers  des 
OaalB  do  Dj^rld,"  Bui.  Dlr.  Agr,  et  Cora.  Tunis.  1001,  pp.  137-142. 
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is  laid  across  the  canal  to  form  the  dam  is  divided  into  a  series  of 
long,  shallow  notches,  separated  by  narrow  ridges.  The  number  of 
notches  in  each  dam  corresponds  to  the  number  of  parts  into  which  the 
stream  is  to  be  divided  at  that  point.  Thus,  if  three-fifths  of  the  water 
is  to  be  diverted  into  one  of  two  branches  and  two-fifths  into  the 
other,  five  notches  are  cut,  the  water  passing  over  three  of  them 
going  to  the  first  branch  and  the  rest  to  the  second.  The  notches 
being  all  of  the  same  length  and  depth,  the  division  is  quite  accurate. 
Divisions  of  the  main  stream  down  to  the  twenty-first  part  of  the 
total  flow  are  not  transferable,  belonging  for  all  time  to  the  same 
district  of  the  oasis.  Smaller  fractions  of  the  water,  however,  can 
be  alienated,  and  there  is  much  bartering  of  water  rights  among  the 
different  proprietors  of  gardens. 

At  all  the  principal  diversion  dams,  guards  are  stationed  day  and 
night  to  prevent  any  tampering  with  the  water,  there  being  three 
guards  at  the  first  diversion  and  two  at  each  of  the  other  important 
ones.  These  guards  are  paid  with  a  bunch  of  Fteemy  dates  from  eadi 
garden  that  receives  water  passing  over  the  dam  they  tend,  those  at 
the  first  diversion  being  entitled  to  a  bunch  from  every  garden  in  the 
oasis.  The  "  amin,"  *  or  expert,  who  supervises  the  entire  system  has 
also  the  right  to  select  a  bunch  of  Fteemy  dates  from  every  garden, 
his  being  the  first  choice  after  the  "  khammes,"  or  tenant,  of  the 
garden. 

The  principal  canals  are  kept  up  by  assessment  upon  all  the  owners 
of  gardens  supplied  by  them.  Smaller  ditches  (seguias)  must  be 
kept  in  order  by  the  tenants  of  the  gardens  served  by  them,  and  it  is 
also  the  duty  of  the  khammes  (tenant)  to  be  on  hand  at  the  small 
dam  which  diverts  water  into  his  ditch  when  it  is  the  turn  of  his 
garden  to  receive  water,  for  there  is  a  fixed  hour  for  the  irrigation 
of  each  garden. 

The  method  of  measuring  time  in  connection  with  this  irrigation 
system  is  an  interesting  one.  A  metal  cup-like  receptacle,  called  a 
"  gadous,"  is  filled  with  water  and  hung  up  in  a  convenient  place  by 
the  dam.  The  bottom  of  the  receptacle  is  perforated,  and  the  hole 
is  always  of  the  exact  size  necessary  to  let  all  the  water  run  out  in  just 
five  minutes.  The  water  that  runs  over  a  notch  in  the  dam  during 
the  time  required  for  the  gadous  to  empty  eleven  times  (hence,  in 
fifty-five  minutes)  is  sufficient  to  irrigate  thoroughly  a  garden  of 
2.4  acres  (1  hectare),  the  length  of  the  notch  being  fixed  and  its 
depth  corresponding  to  the  velocity  of  the  current. 

oTbe  *•  amins  "  (pronounced  "  ameens  *')  are  selected  from  among  the  older  In- 
habitant<t  of  the  community  for  their  knowledge  of  agricultural  mattersL 
Their  function  is  to  act  as  arbiters  in  dispirtes  concerning  water  rights,  the  rela* 
tlons  between  proprietors  and  tenants,  the'  sale  of  agricultural  products,  etc. 
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The  gardens  are  divided  into  small  plots  by  means  of  banks  of 
earth,  to  facilitate  irrigation,  as  in  the  basin  method  used  in  the 
United  States.  The  water  from  the  ditch  (segnia)  is  turned  into 
the  nearest  plot  through  a  breach  made  in  its  bank,  the  ditch  being 
dammed  at  that  point  with  a  few  spadefuls  of  earth.  When  the  soil 
is  sufficiently  saturated,  the  farther  bank  is  cut,  allowing  the  water 
to  pass  on  into  the  plot  beyond ;  and  so  on,  until  the  whole  garden  has 
been  irrigated.  In  this  way  not  only  the  date  palms,  but  the  other 
fruit  trees  and  the  small  crops  among  them  that  occupy  a  portion 
of  every  garden,  are  irrigated  simultaneously. 

DRAINAGE    SYSTEM. 

Owing  to  the  situation  of  the  oases  on  the  edge  of  the  Shott  Jerid 
and  the  great  amount  of  water  used  in  irrigation,  its  soils  would  be 
completely  water-logged  were  it  not  for  the  excellent  provision  that 
has  been  made  for  drainage.  Each  garden  is  provided  with  open 
drainage  ditches,  or  "  khandaks,"  these  being  generally  about  166 
feet  apart  and  about  5  feet  deep.  They  are  constructed  at  the  ex- 
pense of  the  proprietor  of  the  garden,  the  work  of  keeping  them 
open  devolving  upon  his  tenant.  Several  of  these  smaller  drains 
unite  to  form  a  large  dit>ch,  which  is  kept  up  by  an  association  of  ihc 
proprietors  whose  gardens  are  served  by  it,  each  contributing  in 
proportion  to  the  size  of  his  water  right.  Finally,  at  Tozer,  all 
the  drainage  ditches  empty  into  a  main  one  called  the  "  E[handak-el- 
Kebir."  which  runs  along  the  southern  side  of  the  oasis  and  carries 
its  drainage  water  to  the  Shott  Jerid.  In  former  times,  when  Tozer 
was  frequently  raided  by  the  savage  nomadic  tribes  of  the  desert, 
this  large  drainage  ditch  also  served  the  inhabitants  as  a  moat  for 
the  defense  of  the  oasis.  Not  only  is  this  excellent  drainage  system 
useful  for  ridding  the  oasis  of  surplus  water,  but  it  renders  inesti- 
mable service  in  preventing  the  harmful  accumulation  of  salts  or 
"  alkali."  (See  p.  36.) 

SOrLS  OF  THE  JEBID  REGION. 

TEXITTRE. 

As  the  soils  of  the  Jerid  region  only  were  investigated,  the  discus- 
sion which  follows  relates  only  to  that  group  of  oases.  All  samples 
for  analysis  were  collected  at  Tozer,  but  the  composition  of  the  soils 
of  the  other  three  oases  is  probably  similar,  except  that  those  of 
Nefta  apparently  contain  a  higher  percentage  of  sand.  The  date 
palm  is  said  to  grow  most  rapidly  and  vigorously  in  the  soils  that  are 
richest  in  clay,  although  yieldijiaiai  l)etter  quality  of  fruit  in  the 
sandier  soils.  /^"^sr  4^ 
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The  following  table  gives  the  results  of  mechanical  analyses  of  the 
samples  taken,  as  furnished  by  the  Bureau  of  Soils.  Descriptions  of 
the  localities  where  each  sample  was  obtained  will  be  found  in  Table 
11,  on  page  37,  under  corresponding  numbers. 

Tabu:  i). — llechanical  analynes  of  srnln  of  Tozer  oa-itis. 
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1  . 

0to36 

Fine  sandy  clay,  water  at  36  inches 
depth. 

0.3 

4.0 

4.0 

1 

17.6 

23.1 

1 

13.0 

3K.6 

2 

0to36 

Heavy,  fine  sandy  loam,  chan^pcs  to 
blue  clay  near  bottom  <  f  boring, 
water  at  24  inches  depth. 

.9 

1 

6.3 

6.6 

22.1 

38.1 

7.8 

au.5 

8 

Oto24 

Pine  Kandy  clay,  water  at  12  inches 
depth. 

1 

4.7 

4.6 

1 

25.2 

26.2 

8.6 

aa6 

4 

OtodB 

Fine  sandy  clay,  water  at  36  inches 
depth. 

.3  1 

a2 

3.7 

19.4 

25.8 

11.2 

36.4 

5 

010  36 

Li(<rht.  fine  sandy  clay 

.5  ' 

4.5 

,    5.3 

19.7 

34.3 

6.9 

2»«.7 

6 

36  to  72 

Subs  )il  of  No. .'»,  sandy  clay,  water 

1.4  1 

5.2 

5.4 

21.1 

;  3S.5 

5.3 

aL9 

at  60  inches  depth. 

It  will  be  seen  from  the  above  analyses  that  the  typical  soil  of 
Tozer  oasis  is  a  mixture  of  fine  sand  and  clay,  chiefly  remarkable  for 
its  small  percentage  of  silt.  Soils  of  this  type  occur  also  in  the 
Oued  Rirh  oases  of  Algeria.  According  to  Dr.  L.  J.  Briggs,  they 
are  seldom  found  (as  soils)  in  the  United  States,  although  subsoils 
of  similar  composition  are  sometimes  met  with  in  the  Atlantic 
Coastal  Plain.  In  the  field  these  soils  do  not  impress  one  as  being 
particularly  heavy,  notwithstanding  the  large  amounts  of  clay  they 
contain.  The  discrepancy  is  probably  to  be  explained  by  the  fact 
that  they  contain  great  quantities  of  lime  in  the  form  of  calcium 
carbonate  and  of  g\^psum,  calcium  sulphate.  (See  Tables  11  and  12.) 
These  salts  have  a  tendency  to  cement  the  fine  particles  of  clay  into 
ma.sses  that  imitate  grains  of  sand  and  make  the  soil  appear  of 
coarser  texture  than  it  is  found  to  be  when  examined  in  the  labora- 
tory. In  the  process  of  mechaincal  anal^^sis  much  of  the  lime  is 
dissolved  and  the  fine  clay  particles  fall  apart.  Furthermore,  most 
of  the  relatively  insoluble  lime  is  probably  classified  as  "  clay  "  in 
computing  the  results  of  the  mechanical  analysis.  A  similar  dis- 
crepancy between  field  observations  and  laboratory  analysis  was 
noted  by  Mr.  Thomas  H.  Means  and  accounted  for  in  this  way  in 
the  case  of  soils  from  the  Oued  Rirh  oases  in  Algeria.* 

oSee  Bui.  80,  Bureau  of  Plant  Industry,  pp.  41,  42   (1905).     Many  of  the 
samples  described  in  tlie  table  on  iiage  42  of  that  bulletin  show  a  mechanical 
comi)ositlou  very  similar  to  the  samples  from  Tozer. 
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In  well-cultivated  gardens  the  upper  few  inches  of  the  soil  contain 
a  ponsiderable  amount  of  humus  and  are  quite  black  in  color,  as 
would  be  expected  from  the  fact  that  not  only  date  palms  and  other 
fruit  trees,  but  garden  vegetables,  forage  crops,  and  cereals  have 
been  grown  in  the  oases,  probably  without  intermission,  for  many 
hundreds  of  years. 

FERTILITY. 

As  to  the  composition  of  the  soils  of  this  oasis,  so  far  as  the  impor- 
tant elements  of  plant  food  are  concerned,  the  following  table  of  a 
chemical  analysis  by  acid  digestion  will  furnish  an  indication: 

Table  10. — Plant  food  constituents  of  sails  of  Tozer  oasis. 

Per  cent. 

Nitrogen    (total) 0.03 

Lime   (CaO) 13.08 

Potash   (K^O) LIO 

Phosphoric  acid  (PuOs) .14 

The  sample  (No.  2  of  Tables  9  and  11)  was  taken  to  a  depth  of 
3()  inches  in  a  well-cultivated  garden  of  young  Deglet  Noor  palms, 
amid  a  thin,  ne^vly  planted  stand  of  alfalfa,  and  contained  only  a 
moderate  amount  of  readily  soluble  ''  alkali "  salts,  as  wall  be  seen 
by  reference  to  column  4  of  Table  11. 

If  it  be  permissible  to  generalize  upon  the  scanty  data  given  above, 
it  can  be  said  that  the  soils  of  Tozer  are  decidedly  low  in  nitrogen. 
When  we  consider  that  these  soils  are  continually  and  lavishly  irri- 
gated with  water  that  contains  very  little  organic  matter,  that 
manure  is  scarce,  and  that  leguminous  crops  occupy  at  no  time  more 
than  a  small  fraction  of  the  total  area  of  the  oasis,  the  poverty  of  the 
soil  in  nitrogen  is  not  remarkable.  If  the  analysis  had  been  based 
only  upon  the  surface  6  inches,  a  much  better  showing  in  this  respect 
would  doubtless  have  been  made.  Lime  is  present  in  much  larger 
quantity  than  is  usually  considered  necessary  in  the  average  cul- 
tivated soil.  Potash,  likewise,  is  present  in  far  more  than  the  usual 
proportions.  Finally,  the  phosphoric-acid  content  is  such  as  would 
generally  be  considered  satisfactory. 

According  to  the  conventional  standards  the  soils  of  Tozer  would 
therefore  be  in  all  respects  first-class,  so  far  as  plant-food  constitu- 
ents are  concerned,  were  it  not  for  their  low  nitrogen  content.  It 
would  seem  that  to  remedy  this  deficiency  the  growing  of  berseem 
(Egyptian  clover)  should  be  undertaken,  as  this  crop  ought  to  thrive 
in  the  Jerid  region,  with  its  mild  winter  climate  and  abundance  of 
irrigating  water. 
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ALKALI. 

Where  the  gardens  are  well  cared  for  and  receive  frequent  irriga- 
tions, the  soils  contain  very  little  readily  soluble  salts,  and  no  trace  of 
saline  efflorescence  is  to  be  seen.  But  in  neglected  parts  of  the  oasLs, 
and  especially  in  the  low-lying  lands  situated  near  the  Shott  Jerid,  the 
ground  is  often  covered  with  a  glistening  white  crust  of  salt,  often  to  a 
depth  of  half  an  inch  or  more.  Throughout  the  oasis  one  sees  pieces  of 
land  that  have  been  left  for  several  years  without  irrigation,  although 
surrounded  on  all  sides  by  well -cared- for  gardens.  Wliile  the  soil  of 
the  gardens  only  a  few  rods  distant  does  not  contain  a  large  amount 
of  readilv  soluble  salts,  the  surface  of  the  abandoned  tract  is  usuallv 
covered  with  a  white  efflorescence,  and  bears  a  scattered  vegetation  of 
fleshy-stemmed  "  pickle  weeds  "  or  other  salt-loving  plants  and  an 
occasional  small,  stunted  date  palm.     (PL  II,  fig.  1.) 

Obviouslv  all  that  is  needed  to  rid  the  soil  of  such  tracts  of  its 
excess  of  salts  and  to  render  it  in  all  respects  suitable  for  cultivation 
is  the  construction  of  drains,  coupled  with  abundant  irrigation.  The 
soils  are  light  enough  and  their  slope  is  sufficient  to  render  it  an  easy 
matter  to  wash  out  the  salt  in  a  short  time.  This  the  natives  thor- 
oughly appreciate.  The  writer  saw  several  long-neglected  gardens 
at  Tozer  that  were  in  process  of  reclamation.  In  commencLng  opera- 
tions the  ground  is  worked  over  to  a  depth  of  3  feet  (PL  II,  fig.  2), 
and  in  case  a  heavy  crust  of  salt  has  accumulated  this  is  frequently 
scraped  off  and  carted  away.  The  latter  operation  is  unnecessary, 
although  doubtless  helping  to  shorten  the  period  of  reclamation. 
Nowhere  in  the  Jerid  does  there  appear  to  be  the  least  difficulty  in 
reclaiming  salt  land  if  this  method  of  flooding  is  followed-  At 
Nefta,  especially  in  the  part  of  the  oasis  nearest  the  shott,  new  gar- 
dens of  date  palms  are  beiug  established  in  land  that  is  white  with  salt 
(PL  VII,  fig.  2).  The  natives  agree  that  this  can  be  removed  very 
rapidly  and  completely  if  proper  methods  are  used. 

In  the  following  table  are  presented  the  results  of  chemical  analy- 
ses of  soil  samples  taken  in  different  parts  of  the  oasis  of  Tozer, 
the  first  six  numbers  being  identical  with  those  in  the  table  of  mechan- 
ical analyses  on  page  34. 
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Table  11. — Chemical  composition  of  soils  of  Tozer  oasis. 


No.  of 
sam- 
ple. 


2 


3 


6 

7 


8 


Deacription  of  locality  where  sample  was 

taken. 


Open  gronnd,  snrrounded  by  date  gar- 
dens, much  white  saline  omoresceuce 
on  surface:  jg^owth  of  salt-loving  weeds 

In  garden  adjoining  No.  1,  among  young, 
thrifty  Deglet  Noor  palms  planted  the 
year  before  in  a  thin  stand  of  alfalfa 

In  land,  recently  broken  up  for  reclama- 
tion, of  a  neglected  garden  where 
IMilms  had  emffered  from  lack  of  irri- 
gation  

In  land  still  uncleared  and  covered  with 
a  dense  growth  of  weeds  and  grass,  in 
same  garden  as  No.3 

In  unirrigated  land  lying  higher  than 
surrounding  gardens;  heavy  efflores- 
cence: scattered,  stunted  palms;  growth 
of  salt-loving  weeds 

Same  boring  as  No.  5,  lower  depth 

In  garden  among  young  Deglet  Noor 
palms  and  a  good  stand  of  alfalfa; 
water  at  86  inches 

In  unirrigated  land  outside  garden  in 
which  No.  7  was  taken,  amid  a  growth 
of  salt-loving  grass  and  rushes;  water 
at  24  inches •. 

Saline  crust  from  neighlK)rhood  of  main 
drainage  ditch;  very  little  v^etation  . 


Percentages  of 
water-soluble  com- 

Sonents  based  on 
17  weight  of  soil. 


»^'Slf   CalcuUted 
sample,    .f^m  elec- 
trical re- 
sistance 
of  saturat- 
ed soil. 


Inches. 
Oto36 
0to36 

0to24 
0to36 


0to36 
36  to  72 


0to36 

Oto36 
Oto    1  * 


2.90 
.64 

.20 
.30 


.58 
.96 


.97 


By  chem- 
ical analy- 
sis of  solu- 
tion in  20 

parts 
water  to  1 
part  soil. 


6.58 
5.33 

4.82 
5.87 


3.99 

5.78 


54.1 


Percent- 
age of  cal- 
cium car- 
bonate 
baaed  on 

dry 
weight  of 

sou  by 
acid  diges- 
tion. 


14.29 
13.84 

10.24 
16.32 


13.73 
11.96 


6.39 


The  following  table  gives  the  composition  of  the  totals  of  water- 
soluble  salts,  of  which  the  percentages,  based  on  dry  weight  of  soil, 
are  given  in  column  5  of  the  preceding  table : 

Table  12. — Composition  of  iratcr-soUible  Malts  in  soils  of  Tozer  oasis. 


Number 

Constituents,  by  analysis. 

of  sample. 

CJa. 

18.49 
25.19 
21.19 
21.34 
24.71 
24.78 
3.38 

Mg. 

3.31 
1.50 
.83 
1.12 
2.10 
1.56 
4.70 

Na. 

K. 

SO4. 

CI. 

HCO3. 

1.27 
1.80 
1.75 
1.79 
2.41 
1.66 
.34 

P04. 

1     

6.63 

.34 

4.81 

3.76 

l.W 

.62 

21.36 

2.22 
2.84 
3.86 
4.81 
1.65 
3.18 
2.41 

64.95 
65.97 
67.56 
65.61 
6:123 
64. 8!} 
60.  ff^ 

13.23 

2.36 

Tr. 

1.57 

4.90 

3.:« 

17.17 

Tr. 

2     

Tr 

3   .- 

Tr 

4    

Tr 

5 

Tr 

6 

9 

Tr 
Tr 

Number 
of  sample. 


Q18O4. 


MgS04.  '   MgCL 


Conventional  combinations,  calculated. 
KCl. 


1 

62.83 
86.57 
71.99 
72.51 
83.92 
84.20 
11.63 

13.29 
7.05 
4.11 
5.32 
5.0: 
6.81 

23.27 

2 

3 

4 

6 

6 

9 

2.49 
.30 


4.31 
.66 


4.22 
4.46 


I 


■| 


3.15 
6.06 
4.59 


KsS04. 

KHCO3. 

NaHCCa. 

1.73 
1.31 
2.:J7 
2.46 
3.31 
2.28 
.47 

1.31 

8.50 

10.71 

NaCl.    iNa2S04. 
15.46  I 


2.56 
.30 

'24.'73" 


12.94 
6.44 


85.42 
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Upon  examination  of  the  data  given  in  Table  11,  a  striking  dis- 
crepancy is  seen  to  exist  between  the  percentages  of  water-st)liible 
components  to  dry  weight  of  soil,  as  stated  in  columns  4  and  5,  re- 
spectively. By  reference  to  Table  12,  however,  the  explanation  is 
found  to  be  simple.  In  taking  the  electrical  resistance  of  the  sample. 
the  soil  was  mixed  with  just  a  sufficient  quantity  of  distilled  water 
to  bring  it  to  the  point  of  saturation,  which  in  soils  of  this  texture 
was  found  to  he  about  30  per  cent  of  the  dry  weight  of  the  soil ;  and 
the  reading  is  taken  as  soon  as  the  «oil  and  water  are  thoroughly 
mixed.  In  making  the  chemical  analyses,  on  the  other  hand,,  one 
part  of  soil  is  digested  in  20  parts  of  water,  and  the  mixture  is 
allowed  to  stand  twenty-four  hours  to  Wing  it  to  an  equilibrium 
before  it  is  filtered .*  By  the  second  method  the  soil  is  in  contact 
with  from  60  to  100  times  as  much  water  as  by  the  first  method,  and 
for  nearly  288  times  as  long.  Consequently  a  great  amount  of  cal- 
cium sulphate  goes  into  solution  when  the  soil  is  prepared  for  chem- 
ical analysis  that  remains  in  the  solid  state  and  is  hence  unaccounted 
for  in  the  samples  as  made  up  for  a  test  of  electrical'resistance.  By 
reference  to  column  2  of  Table  12  it  is  seen  that  (except  in  sample 
9)  calcium  sulphate  amounts  to  from  60  to  85  per  cent  of  the  total 
water-soluble  matter,  of  which  only  an  insignificant  fraction  can  be 
dissolved  in  the  amount  of  water  and  with  the  limited  time  allowed 
for  taking  the  electrical  resistance. 

It  should  be  said  in  this  connection  that  experiments  have  sliown 
a  saturated,  pure  solution  of  calcium  sulphate  to  be  harmless  and  even 
beneficial  to  plants,  and  that  an  excess  of  calcium  sulphate  in  the  pres- 
ence of  magnesium  and  sodium  salts  has  an  extraordinary  influence 
in  modifying  the  toxic  action  of  the  latter.*  The  calculations  of 
water-soluble  contents  of  the  soil  based  upon  the  electrical  resist- 
ance, although  confessedly  only  rough  approximations,  are  of  some 
value  as  indicating  the  amount  of  the  readily  soluble  and  actually 
harmful  saline  contents  of  the  soil.  On  the  other  hand,  they  do 
not  include  the  gypsum  or  calcium  sulphate  that  is  present,  and 
thus  do  not  tell  the  whole  story.  If  the  latter  were  merely  neutral, 
it  could  simply  be  deducted  from  the  total  salts  as  ascertained  by 
chemical  analysis;  but  as  it  plays  an  important  part  in  counter 
acting  the  effect  of  the  sodium  and  magnesium  salts,  its  presence  can 
not  be  ignored. 

oFor  a  description  of  llio  methods  used,  see  Cameron  in  Bui.  18.  Bureau  of 
Soils,  U.  S.  Dept.  of  Ajjriculture,  pp.  (Mi  and  07.  For  a  discussion  at  some  len^^b 
of  tlie  significance  of  the  high  jo'pj=«iiu>  content  of  these  soils,  see  \V.  T. 
Swingle.  Bui.  58,  Bureau  of  Plant  Industry,  pp.  73  and  74. 

ft  Compare  Kearney  and  Cameron  in  Bei»Qrt  No.  71,  U.  S.  EKept  of  Agriculture, 
p.  S9. 
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Turning  to  Table  12,  let  us  compare  the  different  samples  as  to  their 
chemical  composition.  We  notice  at  once  that  sulphuric  acid  is  the 
acid  and  calcium  the  base  which  largely  predominate  in  all  of  them, 
excepting  sample  No.  9.  The  latter,  consisting  of  the  efflorescence 
that  is  brought  out  on  the  surface  of  the  soil  by  the  combined  action 
of  capillarity  and  evaporation,  is  necessarily  deficient  in  the  slightly 
soluble  calcium  salts."  In  the  crust,  as  well  as  in  the  soils,  however, 
sulphuric  acid  is  by  far  the  most  important  constituent.  We  may 
therefore  regard  the  "  alkali  "  of  Tozer  oasis  as  of  the  sulphate  type.^ 

Free  carbonates  were  not  detected  by  the  phenolphthalein  test,  either 
in  the  field  or  in  the  laboratory,  except  in  the  crust  (sample  No.  9), 
in  which  a  very  faint  alkaline  reaction  was  observed  upon  testing 
the  freshly  collected  sample.  In  all  other  cases  the  reaction  was 
neutral,  not  only  at  the  time  the  samples  were  collected,  but  four 
months  afterwards  when  examined  in  the  laboratory.  "  Black  al- 
kali," therefore,  apparently  does  not  exist  in  Tozer  oasis.  The  high 
percentages  of  calcium  carbonate  obtained  by  acid  digestion  of  the 
soils  (see  column  (>  of  Table  11)  would  suggest  the  possibility  of  its 
formation  under  certain  conditions  were  it  not  for  the  relatively 
small  amount  of  sodium  and  the  great  quantity  of  calcium  and 
sulphuric  acid  present. 

The  percentages  of  potassiimi  and  of  carbonic  acid  differ  compara- 
tively little  in  the  different  samples,  while  those  of  sodium  and  of 
hydrochloric  acid  show  very  considerable  variation.  The  relatively 
small  part  played  by  hydrochloric  acid  is  surprising,  when  we  con- 
sider that  in  the  adjacent  Shott  Jerid  mines  of  table  salt  exist.  The 
smooth  crust  of  salt  that  covers  the  bottom  of  the  shott  has  the 
appearance  of  containing  a  higher  percentage  of  sodium  chlorid  than 
do  the  efflorescences  upon  the  soils  of  the  oases,  the  latter  being  of  the 
fluffy,  powdery  aspect  which  the  presence  of  a  large  amount  of  sul- 
phates generally  produces. 

It  is  interesting  to  note  the  difference  in  composition  between  the 
efflorescence  (sample  No.  9)  and  the  soil  solutions  (samples  Nos.  1 
to  6).  In  addition  to  the  very  small  percentage  of  calcium  in  the 
crust,  as  compared  with  the  soil  samples,  we  remark  in  the  crust  a 
considerably  higher  percentage  of  magnesium,  a  very  much  higher 
percentage  of  sodium  and  of  hydrochloric  acid,  and  a  much  lower 

oin  discussing  "all^ali  "  soils  of  Utah,  Gardner  and  Jensen  (Field  Operations 
of  the  Division  of  Soils  for  1900,  p.  231)  remark:  "Lime  Is  always  present  in 
the  soil  alkali  in  appreciable  amounts,  whereas  in  the  crusts  it  is  usually 
absent" 

ft  In  the  soils  of  the  Oued  Rirh  oases,  in  Algeria,  also,  sulphates  generally  pre- 
dominate over  chlorids,  although  the  converse  is  frequently  true.  (See  Bui.  53, 
Bureau  of  Plant  Industry,  p.  90;  and  Bui.  80,  Bureau  of  riant  Industry,  p.  46.) 
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percentage  of  carbonic  acid.     In  respect  to  potash  and  sulphuric  add 
the  difference  is  not  noteworthy. 

It  remains  to  consider  the  composition  of  the  drainage  water.  A 
sample  was  taken  from  the  "  Khandak-el-Kebir,"  the  main  drainage 
ditch  of  the  oasis  of  Tozer  (see  p.  35) ,  at  a  point  some  distance  beyond 
the  last  garden  toward  the  shott.  This  sample,  like  that  of  the  irri- 
gation water  described  on  page  30,  after  having  been  kept  for  two 
months  in  a  rubberrstoppered  bottle,  remained  perfectly  sweet  and 
good.  Tested  with  phenolphthalein  as  soon  as  it  w^as  collected,  the 
water  showed  a  very  faint  pinkish  opalescence,  indicating  a  slight 
trace  of  free  carbonates.  An  analysis  of  this  sample  in  the  labora- 
tories of  the  Bureau  of  Soils  sliowed  the  presence  of  530.4  parts  of 
salts  per  100,000  of  water,  which  is  a  little  more  than  two  and  one-half 
times  the  amount  found  in  the  irrigating  water  (see  p.  30).  Water 
of  this  concentration  could  be  safely  used  in  irrigating  many  crops,* 
and  considering  the  fact  that  the  drains  penetrate  everywhere,  and 
that  the  sample  was  collected  at  a  season  (February  5)  when  compara- 
tively little  irrigation  is  going  on,  its  relatively  small  salt  content 
indicates  that  the  soils  of  the  oasis  generaJly  are  not  highly  saline. 

Table  13. — Chemical  composition  of  drainage  water,  Tozer  oasis. 
Percentages  of  different  constituentH.         'i  Conventional  combinations. 


Calcium 

Maffnesinm  .. 

Sodium 

Potassium 

Sulphions 

Chlorions 

Carbonic  acid , 


9.97   I  Calcium  sulphate !  33.88 

6.90  l|  Mafirneaium sulphate 16.54 

8.67  ,,  Pota!«ium  chlorid 16.^1 

8.77  !l  Magnesium  chlorid 7.« 

37.11    I  Sodium  chlorid-- -  14.80 

22.64  i'  Sodium  bicarbonate ia» 

7.54 

iaD.tt) 


100.00 


Comparing  the  percentage  composition  of  the  saline  matters  in 
the  drainage  water  w^ith  that  of  the  irrigation  water,  we  find  a 
remarkably  close  agreement.  As  compared  with  the  soil  samples 
(Nos.  1  to  G  in  Table  12),  the  drainage  water  contains  relatively 
much  more  magnesium,  sodium,  and  potassium  and  very  much  less 
calcium.  In  respect  to  acid  constituents  there  is  relatively  much  less 
sulphuric  acid  and  much  more  hydrochloric  and  carbonic  acids.  In 
comparison  with  the  salt  crust,  of  which  a  sample  was  taken  near  the 
spot  where  the  water  sample  was  collected  (sample  9  in  Table  12), 
the  drainage  water  contains  relatively  much  more  calcium,  potassium, 
and  carbonic  acid  and  considerably  more  hydrochloric  acid.  On  the 
other  hand,  it  is  much  poorer  in  sodium  and  is  considerably  poorer  in 
sulphuric  acid  than  is  the  crust. 


o  See  T.  H.  Means,  Circ.  10,  Bureau  of  SoHs ;  and  Bui.  80,  Bureau  of  Plant 
Industry,  p.  38. 
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When  we  consider  the  great  predominance  of  calcium  sulphate 
and  the  absence  of  easily  soluble  carbonates  ("  black  alkali  ")  in  the 
soils  of  Tozer  oasis,  it  is  apparent  that  the  type  of  "  alkali  "  occur- 
ring there  is  a  relatively  harmless  one.  In  view  of  the  relatively 
small  percentages  of  readily  soluble  salts,  as  indicated  by  the  elec- 
trical resistances  of  the  soils  of  well-kept  gardens,  and  taking  into 
account  the  thorough  drainage  system  of  the  oasis,  the  "  alkali " 
problem  can  not  be  regarded  as  a  very  serious  one  in  this  region. 

CULTUEE  OF  THE  DATE  PALM. 

As  the  gardens  of  the  Jerid  only  were  investigated  in  any  detail, 
the  following  notes  relate  principally  to  that  region,  although  most 
of  the  observations  are  doubtless  equally  applicable  to  the  other  oases 
of  southern  Tunis.  Cultural  methods  could  not  be  given  the  thor- 
ough investigation  the  subject  warrants,  the  writer's  time  having  been 
mainly  taken  up  in  studying  the  characters  of  the  different  varieties 
and  in  getting  together  the  collection  of  offshoots  for  shipment  to 
the  United  States.  Yet  it  is  thought  that  some  of  the  information 
obtained  will  offer  useful  suggestions  to  future  date  growers  in  this 
country.  The  following  discussion  is  based  partly  upon  note.s  obli- 
gingly furnished  by  M.  Minangoin,  inspector  of  agriculture  at 
Tunis,  and  upon  the  published  paper  of  M.  Masselot,"  and  partly 
upon  data  obtained  by  observation  and  by  questioning  the  inhabit- 
ants. In  regard  to  the  latter  source  of  information,  it  should  be 
said  that  while  the  cultural  methods  used  by  the  Arabs  appear  to  have 
generally  a  common-sense  foundation,  the  reasons  which  they  give 
for  their  practices  are  often  extremely  childish.  As  a  rule,  they  fol- 
low slavishly  the  precepts  that  have  been  handed  down  to  them  by 
wiser  ancestors,  without  concerning  themselves  about  why  they  do 
this  or  that.  Yet,  occasionally  one  meets  an  intelligent  native  who 
can  give  a  rational  explanation  of  most  of  his  proceedings. 

SIZE  AND  VALUE   OF  THE   GABDENS. 

The  size  of  the  date  gardens  varies  gi*eatly.  The  largest  in  the 
Jerid  is  said  to  be  that  of  Dobech,  at  Nefta,  in  which  there  are  2,800 
palms.  The  writer  was  told  that  the  aimual  revenue  from  this  garden 
is  from  $4,500  to  $5,000.  At  Tozer  the  largest  garden,  that  known 
as  "  Mahaleb,"  is  said  to  yield  the  owner  $8,400  a  year.  The  garden 
of  Tishta,  at  Nefta,  is  n^markablc  for  the  large  number  of  varieties 
it  contains.  It  was  formerly  the  proj)erty  of  a  caid,  whose  hobby 
it  was  to  collect  as  many  different  sorts  as  possible.     Practically  all 

«  Les  Dattiers  des  OasiH  du  Dj^rid.     Bui.  Dir.  Agr.  et  Com.,  Tunis,  1901,  pp. 
114-161. 
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Ihvii  eitpigcd  hpiv,  as  in  the  Oued  Kirh  oases  of  Alguria.  in  eslab- 
li^liin^  plantations  of  date  palms. 

Accoixliiig  to  ofUcial  estiniat«ii  there  should  be  about  0<>  trees  to  the 
acre  in  tlie  gardens  of  Tozer,  but  in  reality  they  are  much  more 
densely  crowded,  only  taxable  palms,  i.  e.,  those  in  fidl  bearing,  being 
ennnienit(>fl  by  the  census  takei-s.  As  many  pixtprietors  estimate  the 
value  of  their  gjirdens  at  the  rate  of  $li>  per  tree  in  full  l)earing.  an 
acre  containing  Ofi  date  pahns  in  good  condition  wonltl  Ik*  worth 
$1,824.  But  since  the  value  of  a  palm  depends  largely  upon  the 
variety  to  which  it  belongs,  and  as  most  of  the  gardens  contain  many 
trees  of  inferior  varieties  mixed  with  the  better  sorts,  it  is  probable 
that  tlie  figure  mentioned  is  too  high  as  an  average  f€>r  the  whole 
region.  On  the  other  hand,  an  acre  of  Deglet  N'oor  palms  in  full 
bearing  would  doubtless  be  worth  even  more;  but  there  are  very  few 
gardens  in  the  Tunis  oases  in  which  the  Deglet  Noor  variety  consti- 
tutes even  one-half  of  the  total  numl)er  of  trees.  At  Nefta,  acconling 
to  official  estimates,  the  average  nunil)er  of  trees  per  acre  is  1'25.  while 
in  the  neglected  oasis  of  EI  Haiuma  it  is  only  from  G2  to  75. 

Each  garden  is  surrounded  by  a  "  tabia,"  or  wall  of  mud.  sur- 
mounted by  a  palisade  of  palm  leaves,  the  whole  Iwing  generally 
5  oi'  fi  feet  high. 

LABOB  AND  TENANTBT  SYSTEM. 

Tjalmr  is  abun<1ant  and  very  cheap  in  that  part  of  the  world.  The 
inhabitants  of  the  oases,  having  devoted  themselves  for  many  cen- 
turies to  the  culture  of  the  date  pnlm,  are  thoroughly  familiar  with 
every  detail  of  it,  although  the  great  majority  of  them  curry  on  the 
necessary  oix-i-aticms  instinctively  rather  than  intelligently.  For  the 
ordinary  work  of  the  giirdens  an  abundance  «f  labor  is  available:  but 
for  oiKTalions  demanding  especial  skill,  such  as  detaching  suckers 
for  planting,  pollinating  the  flower  clusters,  and  gjithering  the  fruits 
of  the  l>est  varieties,  experts  are  r<H]uired,  and  these  are  much  lews 
numerous. 

At  Nefta  and  at  El  Oudiane  ninny  of  the  owners  manage  their  own 
gardens,  while  others  employ  a  tenant,  or  "khanmies."  At  Tozer 
the  latter  system  is  all  but  universal,  and  in  const-quence  the  gardens 
are  often  less  well  kept.  The  khanmies  is  so-called  from  the  fact 
that  he  is  supposed  to  receive  one-fifth  of  the  product  of  the  gardens, 
khanunes  Ixung  the  Arabic  word  for  "  fifth."  As  a  matter  of  fact, 
this  manner  of  payment  no  longer  obtains  in  the  .Tend.  Nowadays 
the  khanmies  is  entitled  In  one-eighth  of  the  yield  of  trees  of  all 
varieties,  excei)t  the  l>ejrlet  Noor.  and  to  one  bunch  of  fruit  from  each 
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vegetables,  forage  crops,  and  grain  in  the  gardens  (PL  VII,  fig.  C) 
and  he  is  allowed  as  much  as  he  wishes  of  thest*  products  for  his  own 
VLise^  besides  one-fourth  of  the  proceeds  of  what  is  sold. 

In  return,  the  khammes  is  expected  not  only  to  carry  on  all  the 
iw^ork  of  the  garden — irrigation,  cultivation,  manuring,  pollinating 
tlie  female  flower  clusters,  etc. — and  to  keep  in  repair  the  ditches 
for  irrigation  (seguias)  and  those  for  drainage  (khandaks),  as  well 
us  the  walls  (tabias),  but,  when  he  has  any  spare  time,  to  do  domestic 
Herviee  for  the  proprietor.  During  the  season  when  the  fruit  is 
ripening  and  needs  to  be  guarded  night  and  day  to  prevent  its  being 
stolen  the  khammes  and  his  sons  often  camp  in  the  garden,  inhabiting 
a  small  tent  or  even  sleeping  in  the  open.  At  other  times  the  garden- 
ers and  their  families  live  in  the  towns,  going  each  morning  afoot 
or  on  donkey  back  to  their  work.  There  are  no  permanent  habita- 
tions among  the  gardens,  as  the  towns,  l)eing  situated  on  higher,  dry 
land  (PL  VI,  fig.  3),  are  considered  healthier.  Even  under  these 
circumstances,  however,  the  population  of  the  Jerid  is  ravaged  in 
summer  and  early  autumn  by  malaria.  The  population,  as  a  whole, 
is  anemic,  feeble,  and  subject  to  various  diseases,  notwithstanding  the 
fine  winter  climate. 

PBOPAGATION. 

In  Tunis,  as  elsewhere  in  the  Sahara,  the  date  palm  is  intenticm- 
silly  propagated  only  by  means  of  the  offshoots  that  spring  from  the 
base  of  the  trunk  (PL  V),  which,  in  well-cared-for  gardens,  are 
taken  only  from  trees  belonging  to  good  varieties  and  known  for 
the  quality  of  their  fruit.  But  in  neglected  gardens  and  in  waste 
ground  many  seedlings  ("  el  hachana ")  spring  up  fortuitously, 
and  in  this  way  doubtless  the  many  varieties  have  arisen.  Seedling 
palms  are,  of  course,  rarely  true  to  type,  although  the  writer  was 
gravely  assured  by  an  intelligent  Arab  that  to  make  them  come  true 
it  is  only  necessary  to  transplant  them  two  or  three  times,  and  that 
this  method  is  sometimes  resorted  to  when  suckers  are  not  procurable, 
in  order  to  perpetuate  very  rare  varieties ! 

Manuring  and  watering  freely  are  said  to  stimulate  suckering,  and 
the  construction  of  a  "  dokana,"  or  circular  mound  of  earth  and 
clay*  (PL  V,  fig.  2),  around  the  base  of  the  palm  is  a  good  way  to 
obtain  strong,  well-rooted  offshoots.  If  an  offshoot  starts  from  the 
trunk  some  distance  above  the  surface  of  the  soil  it  can  be  made  to 
take  root  by  cutting  away  the  outer  leaves  and  fastening  a  basket 
fille<l  with  earth  around  its  bas<».  Offshoots  produced  by  palms 
growing  in  open  places,  unshaded  by  other  trees,  arc  considered  to 

olUustrated  also  in  Bui.  8(J,  Bureau  of  Plant  Industry,  PI.  V,  fig.  1. 
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the  opinion  that  offshoots  developed  in  unirrigated  and  sally  land 
make  nioix;  vigorous  palms  than  those  grown  in  well-tended,  fre- 
quently irrigated  gardens.  It  is  possible,  at  least,  that  such  off- 
shoots are  iiardier  at  the  start  and  are  less  likely  to  perish  in  the 
ijarly  stages  of  growth. 

The  offshoots  are  generally  of  siiilicient  size  to  transplant  when 
two  or  three  years  old,  but  they  must  not  be  taken  up  until  they  are 
well  rooted.     The  natives  say  they  are  of  the  best  size  for  planting 
when  about  as  large  as  a  camel's  head  at  the  ba5^. 
but  while  still  without  a  well-forined  trnnk  above 
ground.     One  offshoot  is  generally  left  attached 
to  each  palm  when  the  others  are  removed,  in  order 
to  replace  it  when  it  dies  or  be- 
comes unproductive.    WTien   this 
in    turn    produces   offshoots,   one 
of  these  is  retained,   and   so  on. 
Hence   it   is   not   unusual   to   see 
trunks  belonging  to  several  gener- 
ations all  still  attached  to  the  same 
■  parent  stock.     (1*1.  V,  fig,  2,)    It 
must  be  rememliercil  that  a  date 
Fio.  8.— Laborer  hold,     palm   generally   ceases   to   sucker 
I'J-LZTi:,"     aftcT  it  is  10  to  15  years  old. 

The  i)rice  paid  for  offshoots  in 
the  Jerid  depends  upon  the  variety,  Deglet  Noor 
offshoots  selling  for  from  57  to  75  cents  ai>iece, 
while  tliose  of  most  other  varieties  cost  only  from 
If)  to  r>7  cents. 

Considerable  skill  is  required  in  detaching  the 
offshoots  from  the  jiarent  stinn.  First,  all  but  the 
innermost  leaves  are  cut  off  near  the  base,  and  those 
that  arc  left  are  often  fastened  together  with  a 
shred  of  palm  leaf,  to  prevent  their  being  bi-oken 
during  the  operations.     Next,  a  hole  of  some  size  is  dug  around  the 
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shank  and  blade  made  in  one  piece  of  wrought  iron  aii<l  fitted  with 
11  W()0<l('n  handle.  It  somewhat  rcHeinbles  a  sickle,  but  iiaH  a  straight, 
heavy,  saw-e<lged  blade  nearly  at  right  angles  to  the  shank  (fig.  4). 
One  uian  then  grasps  the  ofTshoot  and  pulls  down  on  it,  while  an- 
other, armed  with  a  chisel  or  a  pick,  pries  it  loose  at  its  i>oint  of 
junction  with  the  parent  trw.  The  i-eniainiiig  roots  are  now  cut 
off,  and  the  sucker  is  ready  to  be  planted.  The  cost  of  thus  remov- 
ing a  sucker  is  generally  6  cents. 

If  the  offdioot  is  to  be  transported  a  considerable  distance  before 
it  is  planted,  it  must  be  protected  fi-om  drying  by  a  wrapping  of  the 
t-oarse  filwr  (leef)  that  invests  the  bases  of  the  leaf  stalks  of  the  date 
palm  (fig.  5)  or  of  some  similar  material. 

FREPABING  THE  LAND. 

The  methods  used  in  preparing  the  soil,  es|)eoially  if  it  contains 
"alkali."  are  essentially  the  same  whether  the  plantation  is  to  l>e 
made  in  new  land  or  in  an 
old   garden   that   has   been 
neglected.     First,  the   irri- 
g:iition  and  drainage  ditches 
arc  dug  or  are  cleanecl  out. 
Next,    the    soil    is    worke<l 
thoroughly   to  a   depth   of 
3  to  fi  feet  with  the  short- 
hnndled    hoe,    or    messah, 
this  oj^mtion  being  accom- 
plished by  <ligging  a  trench 
of   the    required    depth    at 
one  side  of  the  garden  and 
then    working   across.     All 
.-tones,  masses  of  gypsum,  etc.,  encountered  are  carefully  removed. 
The  whole  garden  is  then  flooded  to  wash  out  whatever  salt  has  ac- 
(nimulatcd  near  the  surface  of  the  soil.     When  that  is  accomplished, 
in  order  to  facilitate  irrigati<m  the  garden  is  divided  up  into  "  lands  " 
that  vary  greatly  in  size,  but  rarely  exceed  I'iO  square  yards  (1  are). 
A  donkey  load  of  manure,  carefully  freed  from  straw,  is  frequently 
worked  into  the  soil  of  each  "'  land."     Often,  during  the  next  two  or 
three  years,  only  vegetables,  especially  turnips,  cabbage,  and  carrots, 
are  grown  before  date  palms  are  planted.     It  costs  14J  cents  to  dig 
15  feet  of  drainage  ditch  of  the  ordinary  deptli  (5  feet),  and  from 
43  to  13  cents  annually  to  keep  the  same  length  in  rejiair.     Breaking 
up  the  groimd  with  a  messah  costs  from  28^  to  $1.2.5  jKir  20  square 
feet,  according  to  the  depth  of  the  hfwing  and  the  character  of  the 
land. 
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PLANTING. 

Planting  is  done  in  the  Jerid  during  the  months  of  March  to  June. 
It  is  said  that  in  well-drained  soils  it  can  be  begun  with  safety  as 
early  as  March  1,  but  in  very  wet  land  must  be  postponed  until  a 
month  later.  At  (raises  the  amins  say  that  if  offshoots  are  detached 
in  March,  after  the  sap  has  begun  to  flow  fi-eely  in  the  palm,  the 
chances  of  their  growing  are  better  than  if  taken  earlier,  although 
they  can  be  removed  with  little  risk  as  early  as  February  15. 

In  the  newer  gardens  of  the  Jerid  the  palms  are  generally  set  in 
with  some  attempt  at  alignment  (PI.  VII,  fig.  2)  at  intervals  of  15 
to  30  feet  each  way,  30  feet  being  recognized  as  quite  sufficient  for 
obtaining  the  maximum  yields.*  In  the  older  gardens,  as  pointed 
out  alx)ve,  the  trees  stand  at  very  irregular  intervals  and  are  often 
much  crowded  (Pis.  I.  and  IV,  fig.  2).  The  holes  made  to  receive  the 
offshoots  are  usually  3J  feet  in  diameter  and  about  1^  feet  deep  in  new 
land,  while  in  replacing  an  old  or  diseased  palm  the  hole  is  made 
3  to  ()  feet  de(»p,'  probably  in  order  that  as  nmch  as  possible  of  the 
old  soil  may  be  reraov^ed.  The  hole  is  then  filled  with  well-washed 
sand,  which  is  trodden  down  firmly  around  the  base  of  the  offshoot 
as  so<m  as  it  is  set  in  and  again  after  the  first  irrigation. 

A  practice  that  is  highly  reconmiended,  particularly  in  gardens 
where  the  water  table  is  high,  is  that  of  placing  stones  in  the  bottom 
of  the  hole  so  as  to  support  the  base  of  the  offshoot,  thus  insuring 
good  drainage.  This  custom  has  fallen  into  disuse  in  the  Jerid,  but 
wiien  old  trees  are  dug  up  there  it  is  said  that  stones  are  frequently 
found  among  their  roots.  The  practice  still  prevails  in  the  Mzab 
oases  of  Algeria.^ 

It  frequently  happens  that  the  offshoot  is  more  or  less  curved.  To 
make  it  develop  into  a  straight  palm,  it  is  recommended  to  plant  it 
w  ith  the  concave  side  facing  southeast,  "  like  a  man  saying  his 
prayers,"  as  the  Arabs  express  it.  The  young  palm,  thus  receiving 
more  of  the  sun's  rays  on  its  concave  than  on  its  convex  side,  gradu- 
ally becomes  straight.** 

o  There  is  a  proverb  current  among  the  inhabitanta  of  the  Mzab  oases  in 
Algeria  (tiuoted  by  Cliarlet,  I^es  I»alniiers  du  Mzab,  Bui.  Soe.  G(?ogr.  d'Alger, 
llXr))  to  the  effect  that  "If  one  phints  at  30  cubits,  one  has  dates  without 
trouble;  if  one  plants  at  20  cubits,  one  has  them  only  by  taking  great  pains; 
but  if  one  plants  at  10  cubits,  it  is  labor  wasted." 

&  Charlet,  Les  Palmiers  du  Mzab,  Bui.  Soc.  Geogr.  d'Alger,  1005. 

<'The  same  practice  occurs  in  the  Mzab  oases,  according  to  Charlet  (Bui.  Soc. 
Geogr.  d'Alger,  ll)Oo).  This  author  makes  the  interesting  statement  that  suckers 
sometimes  finally  grow  that  have  shown  no  sign  of  life  for  one  and  one-half  to 
two  years  after  being  planted.  The  natives  say  that  growth  can  sometimes 
be  started  in  such  a  case  by  transi)lanting  to  another  part  of  the  garden.  They 
believe  that  the  offshoot  had  willfully  refused  to  grow  in  its  first  station  on 
account  of  the  dislike  it  had  taken  to  some  neighboring  palm. 
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The  cost  of  planting  a  palm  is  about  2^  cents,  but  in  already  estab- 
lished gardens  the  work  of  replacing  old  or  diseased  palms  is  part  of 
tlie  regular  duties  of  the  khannnes,  or  tenant,  for  which  he  receives 
no  extra  comj>ensation. 

The  young  palm  is  usually  sheltered  by  a  tentlike  co.vering  of  date 
palm  leaves  (PL  II,  fig.  2),  until  it  is  strong  enough  to  face  without 
protection  the  summer  sun  and  the  cold  winds  of  winter.  The  shelter 
is  generally  left  in  place  for  a  year,  i.  e.,  until  the  spring  after  the 
planting.  Where  palms  are  planted  on  the  edge  of  an  oasis,  and 
hence  beyond  the  shelter  of  older  trees,  "  tabias,*'  or  palisades,  to 
break  the  force  of  the  sand -bearing  w'inds  (see  p.  14),  are  often 
erected  at  intervals  of  30  to  50  feet  in  the  young  plantation.  It  is 
estimated  in  the  Jerid  that  from  10  to  15  per  cent  of  the  suckers 
planted  fail  to  grow. 

LEtBIGATING. 

As  soon  as  the  oflFshoot  is  planted  a  shallow  basin  is  made  around 
its  base,  in  order  to  hold  the  irrigating  water.  Care  is  taken  to  con- 
struct this  so  that  the  water  can  not  come  in  contact  with  the  terminal 
bud,  or  "  heart,"  of  the  young  palm.  During  the  first  forty  days 
after  planting,  many  of  the  natives  consider  it  preferable  to  water 
palms  by  hand  from  a  w-ater  jar,  at  the  rate  of  4  gallons  for  each 
palm  daily,  rather  than  by  flooding.  It  costs  about  20  cents  to  water 
30  palms  daily  in  this  way.  After  forty  days  two  w^aterings  a  w^eek 
are  generally  sufficient.  At  Nefta  the  growers  told  the  writer  that 
the  practice  is  to  w^ater  palms,  until  they  are  one  year  old,  every  day 
in  summer,  every  four  days  in  spring,  and  every  eight  days  in  autumn. 
If  irrigated  by  flooding,  two  irrigations  a  week  are  generally  suffi- 
cient, at  least  after  the  first  few  weeks,  and  two  a  month  in  rainy 
seasons,  e.  g.,  in  autumn. 

For  older  palms  irrigation  by  flooding  small  basins,  each  containing 
several  palms,  is  the  Only  method  practiced.  One  irrigation  a 
Aveek  is  generally  sufficient,  although  a  marked  increase  in  yield 
is  said  to  be  obtained  by  irrigating  twice  a  week.  But  many 
proprietors  of  gardens  at  Tozer,  having  disposed  of  i)art  of  their 
water  right,  get  water  only  once  or  twice  a  month.  According  to  an 
estimate  made  by  M.  Minangoin,  water  is  ordinarily  j)ut  on  the  land 
to  a  depth  of  about  2  J  inches,  of  which  nearly  1  inch  is  almost  imme- 
diately absorbed  by  the  soil.  M.  Masselot,  how^ever,  states  that  the 
'*  lands  "  are  flooded  to  a  depth  of  about  4  inches  at  each  irrigation. 
The  amount  of  water  theoretically  available  for  each  palm  in  the 
oasis  of  Tozer  is  variously  estimated  at  from  42  to  02J  gallons  daily. 
(Compare  p.  29.) 

Irrigation  is  most  urgently  required  during  the  hot,  dry  months  of 
June,  July,  and  August,  w-hen  the  fruit  is  developing,  and  again  in 
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November  and  Decenil)er,  after  the  harvest,  the  tree,s  IxMiig  at  that 
time  particiihirly  weak  and  in  need  of  stimulation.  Irri^tion 
throiiglioiit  the  winter  is  regarded  as  an  excellent  practice,  as  it  stores 
the  soil  with  water  and  makes  it  possible  to  get  along  with  a  smaller 
amount  when  the  hot  weather  first  begins.  I^and  that  is  left  en- 
tirely without  water  during  the  winter  is  said  to  become  so  dry  that 
the  first  irrigations  in  summer  can  only  wet  the  soil  to  a  slight  depth 
and  the-  trees  suffer  from  lack  of  water  at  the  verv  time  thev  ntM?d  it 
most.  In  winter,  however,  irrigations  are  given  much  less  frequently 
than  at  other  seasons.  It  is  said  to  be  customary  in  winter  to  flood 
the  whole  garden  at  once,  rather  than  to  turn  the  water  into  small 
basins  one  at  a  time.  Nor  is  so  large  a  quantity  of  water  necessary  at 
each  application,  as  it  is  not  thought  well  to  let  the  water  stiind  on 
the  land  for  any  considerable  length  of  time  in  winter,  and  the  evaj>o- 
ration  is  naturally  much  less  than  in  summer.  Judging  l)y  the  height 
of  the  ground  water  in  the  gardens  of  Tozer  in  midwinter  (February 
5),  it  would  appear  that  the  soils  of  the  oasis  are  always  in  a  very 
wet  condition.     Compare  colunui  3  in  Table  1),  page  34. 

No  water  should  be  applied  for  two  or  three  weeks  after  the  i>olli- 
nation  of  the  female  flower  clusters  in  spring,  as  irrigation  at  that 
season  caus(»s  the  newly  set  fruit  to  drop  off.  Nor  is  it  advisable  to 
irrigate  in  the  autumn  for  three  or  four  weeks  preceding  the  harvest, 
as  otherwise  the  ripening  fruit  falls  or  else  Ijecomes  so  juicy  that  it 
molds  easily  and  can  not  be  preserved.  Many  gardeners  withhold 
water  from  their  palms  from  about  the  1st  of  October  until  the  dates 
are  gathered.* 

It  has  been  pointed  out  in  discussing  the  character  of  the  drainage 
water  (see  p.  40)  that  this  is  not  too  saline  for  irrigation  purposes. 
As  a  matter  of  fact,  some  of  the  gardens  at  Tozer  lying  nearest  the 
Shott  Jerid,  and  hence  in  the  lowest  part  of  the  oasis,  are  irrigated 
solely  with  water  from  the  drains.  It  is  true  that  the  palms  are  less 
thrifty  and  the  yields  obtained  are  smaller  than  elsewhere,  but  this  is 
at  least  partly  attributable  to  the  poorer  quality  of  the  soils  in  that 
quarter  and  to  the  fact  that  in  summer,  when  water  is  most  needed, 
the  drains  are  frequently  empty. 

oCharlet  (Bui.  Soc.  Geogr.  d' Alger.  UWo)  inentious  that  the  same  rule 
In  regard  to  spring  and  fall  irrigation  oi)tains  in  the  Mzab  oases,  where  the 
npplication  of  water  ceases  about  September  15,  to  be  resumed  after  the  harvest 
is  completed. 
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MANTTItlNG.a 

The  continual  irrigation  of  the  oases  and  the  small  extent  to  which 
leguminous  crops  are  grown  among  the  palms  are  probably  respon- 
sible for  the  low  nitrogen  content  of  the  soil,  as  shown  by  the  analysis 
on  page  35.  As  far  as  possible  the  natives  seek  to  remedy  this  de- 
ficiency by  manuring.  Unfortunately,  owing  to  the  small  numlxir  of 
domestic  animals  kept,  the  supply  of  stable  manure  is  very  limited 
and  the  use  of  chemical  fertilizers  is  as  yet  unknown. 

No  manure  is  given  to  the  young  palms  when  fii-st  set  out,  although 
where  garden  vegetables  are  grown  in  new  land  that  is  being  pre- 
pared for  a  date  orchard,  as  shown  on  page  45,  the  suckers  doubtless 
receive  some  benefit  from  the  manure  that  had  been  applied  to  the 
vegetables  during  the  two  or  three  preceding  years.  When  the  palm 
is  3  years  old  and  is  beginning  to  sucker  it  is  numured  directly  for 
the  first  time.  A  circular  trench  is  dug  around  the  tree,  at  least 
3  feet  from  its  base.  This  is  filled  with  one  part  of  manure  to  two. 
parts  of  earth,  thoroughly  mixed  together.  Frequently  only  one- 
half  of  the  trench  is  dug  and  filled  the  first  year,  the  circle  being 
completed  the  year  following.  Subsequently  the  palm  is  usually 
manured  only  every  four  years,  although  some  gardeners  prefer  to 
give  a  smaller  application  every  year. 

In  the  case  of  older  palms  the  manure  is  spread  on  the  surface 
and  then  worked  into  the  ground,  being  applied  at  the  rate  of  one 
donkey  load  to  each  tract  of  7  square  yards.  Strong  soils,  containing 
a  high  percentage  of  clay  or  of  organic  matter  and  gypsum,  are 
manured  less  heavily  than  the  light  sandy  soils.  Where  garden 
vegetables  are  grown  among  the  palms  and  manured  every  year  the 
palms  themselves  receive  no  separate  application.  The  best  time  to 
manure  date  palms  is  considered  in  the  Jerid  to  be  from  October  to 
January.* 

Only  thoroughly  rotted  manure  that  is  at  least  one  year  old  can 
safely  be  used.  The  natives  recognize  it  as  one  of  the  advantages 
of  old  manure  that  it  contains  fewer  viable  weed  seeds.  Grass  and 
straw  are  carefully  removed  before  the  manure  is  applied.  The  in- 
habitants differ  as  to  what  kind  of  manure  gives  the  most  satisfac- 


«  For  the  practices  in  this  regard  iu  the  Oued  Souf,  see  Bui.  8G,  Bureau  of 
Plant  Industry,  pp.  22-24. 

&  According  to  Charlet  (Bui.  Soo.  G6ogr.  d'Alger,  1005),  many  of  the  inhabi- 
tants of  the  Mazb  manure  their  palms  every  year,  sometimes  at  the  Ije- 
ginning  of  winter  and  sometimes  in  February  when  the  sap  begins  to  run. 
This  author  estimates  44  i)ounds  of  manure  as  the  quantity  needed  annually 
liy  each  palm.  In  the  Oued  Souf  (Bui.  80,  Bureau  of  Plant  Industry,  p.  23) 
October  and  Marcrh  are  considered  the  best  mouths  for  applying  manure. 
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tory  results  with  the  date  pahn,  some  advocating  that  of  camels, 
others  that  of  donkeys."  But  the  total  supply  is  too  limited  to  allow 
of  much  choice  in  this  rcsjx^ct,  and  every  source  is  drawn  upon, 
even  to  the  scrapings  of  chicken  yards  and  the  refuse  from  human 
habitations. 

OTHEB  CTTLTTTRAIi  METHODS. 

•  When  the  palm  has  reached  the  age  of  2  years,  the  old  leaves  and 
leaf  stalks  are  trimmed  off  for  the  first  time,  but  not  too  close  to  the 
ground,  as  in  that  case  no  suckers  will  develop.  On  the  other  hand, 
if  left  on  the  trunk  these  parts  decay  and  sometimes  cause  the  central 
bud  to  rot.  It  is  considered  important  to  w^ork  the  soil  around  the 
palms  to  a  moderate  depth  in  the  second  and  again  in  the  third  year 
after  planting.  Thereafter  the  ground  should  be  worked  over  as 
often  as  possible.  All  cultivation  is  laboriously  done  with  the  mes- 
sah,  or  short-handled  hoe  (see  PI.  II,  fig.  2,  and  text  fig.  3,  p.  44). 

It  is  considered  advisable  not  to  permit  the  development  of  the 
earliest  fruit  clusters  (which  sometimes  appear  when  the  tree  is  only 
4  years  old),  as  too  early  production  diminishes  the  vigor  of  the  palm. 
In  regard  to  the  choice  of  other  fruit  trees  to  be  planted  among  the 
date  palms,  figs  and  olives,  being  relatively  shallow  rooting,  are 
recommended  in  preference  to  apricots,  the  latter  being  deep-rooted 
trees  that  compete  with  the  palms  themselves. 

POLLINATION  AND  MALE  PALMS. 

The  operation  of  pollination,  which  was  not  witnessed  by  the 
writer,  has  been  described  from  personial  observation  by  Mr.  W.  T. 
Swingle.''  It  is  said  to  take  place  in  the  Jerid  usually  from  March 
15  to  April  15.  Male  palms  are  not  distinguished  there  according 
to  variety,  but  according  to  their  time  of  flowering,  whether  early, 
intermediate,  or  late,*'  and  also,  it  is  said,  according  to  whether  they 
originate  from  seed  or  from  suckers.  As  a  rule,  the  male  palms  re- 
semble each  other  much  more  closely  than  do  the  female  palms  belong- 
ing to  different  varieties.  They  are  distinguished  from  female  palms 
in  general  by  more  numerous  leaves  and  leaflets  (PI.  IV,  fig.  2)  and 
often  by  a  stouter  trunk.  x4.ccording  to  M.  Minangoin,  the  leaf 
stalks  of  male  palms  are  very  stout  and  the  foliage  is  fine  and  soft 
looking. 

« One  owner  of  a  garden  assured  the  writer  that  camel  manure  Is  "  too 
strong"  to  he  used  in  irrigated  land,  although  it  can  he  applied  with  perfect 
safety  under  the  conditions  prevailing  in  the  Oue<l  Souf. 

&  Bui.  53,  Bureau  of  Plant  Industry,  pp.  26-29. 

'•  Five  suckers  of  each  type  of  male  palm,  15  In  all,  w^ere  imported  into  the 
United  Stater  from  the  Jerid. 
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In  the  Jerid  oases,  males  constitute  a  very  small  p 
total  number  of  palms.  One  male  is  said  to  furnish 
for  fecundating  500  to  600  females.  In  the  most  c 
of  Tozer  oasis  the  writer  was  shown  an  unusually  lar 
which  he  was  told  served  not  only  for  all  of  the  fi 
this  garden,  considerably  more  than  1,000,  but  for  i 
dens  as  w^ell.  The  flowers  of  male  palms  are  said 
who  wish  to  use  them,  without  compensation  to  the  ov 
are  reputed  to  live  longer  than  the  females,  but  fi 
tall  that  it  is  difficult  to  gather  the  flower  clusters.  ■ 
the  fate  of  female  palms  that  have  ceased  to  bear,  t 
being  girdled  in  order  to  extract  lagmi,  or  palm  wi 
that  sooner  or  later  results  in  the  death  of  the  tree. 

The  writer  saw^,  in  February,  a  palm  (illustrated  i 
which  had  all  the  characters  of  a  male,  as  the  tenant 
which  it  grew  declared  it  to  be.     Nevertheless,  it 
small,  seedless  green  dates,  similar  to  the  "  sichi  " 
fruits  of  the  Fteemy  variety  (see  p.  70).     Although  i 
served  by  him,  this  is  apparently  a  rather  well-known 

RIPENINa. 

The  bunches  of  dates  often  become  too  heavy  foi 
bear  them.  To  prevent  the  breaking  of  the  fruit  st 
are  therefore  frequently  "  straddled  ''  upon  the  neai 
shown  in  Plate  III.  This  is  an  operation  that  requ 
skill,  and,  in  the  case  of  choice  varieties,  is  usually 
expert. 

Much  rain  during  the  first  few  weeks  after  poll: 
jurious  as  irrigation  at  that  season,  causing  the  ne 
drop.  On  the  rare  occasions  when  rain  falls  durin. 
May,  June,  and  July — that  is  to  say,  after  the  fruit 
fore  it  begins  to  ripen — it  does  no  harm.  During  tl 
when  the  dates  are  maturing,  hot,  dry  winds  from  th 
are  favorable,  as  they  hasten  the  ripening  j)rocess 
fruit  from  becoming  wormy.  On  the  other  hand,  a  h 
season  is  disastrous.  If  it  falls  in  August  or  Septeii 
the  fruit  to  drop  before  maturity;  if  a  little  later,  t 
rot  or  to  become  moldy.  When  the  dates  have  l>ecor 
a  light  rain  is  rather  beneficial  than  otherwise,  as  it  s 
washes  off  the  dust  that  has  gathered  on  them.     B 

«J.  W.  Tourney   (Bui.  29,  Ariz.  Exp.  Sta.,  1898)   notes  tl 
date  palms  at   Phoenix,   Ariz.,   and   at  La   Paz,   Mexit'o.     i 
O^gr.  d' Alger,  1905),  mentions  the  existence  of  two  fruiting 
Mzab  oases. 
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causes  the  ripe  fruit  to  sweat  and,  while  not  injuring  its  flavor,  lessens 
its  exportability.  The  relation  between  the  late  summer  and  autimm 
rainfall  and  the  quality  of  the  dates  is  brought  out  in  Table  4,  on 
page  *25. 

To  illustrate  the  opinion  of  the  inhabitants  of  the  Jerid  concenimg 
the  effect  of  rain  in  early  autumn  upon  their  principal  crop,  the 
following  anecdote,  current  among  them,  is  related  by  llasselot :  *• 

Once  uiKJii  a  time,  after  several  years  of  drought  and  at  length  of  famine, 
the  bey  had  ordered  that  i)ul)lic  prayers  for  rain  be  said  throughout  the 
regency.  Tlie  i>eoi)le  of  the  Jerid,  alone  among  his  subjects,  refused  to  obey 
the  order  of  their  sovereign.  The  latter,  in  anger,  ordered  the  chief  notables 
among  the  refractory  inhabitants  to  come  to  Tunis  to  receive  punishment,  had 
them  appear  before  him,  and  said  to  them :  "  How  hapiKjns  it  that  when  1  com- 
mand pul)lic  i)rayers  in  order  to  attract  God's  attention  to  us  and  bring  us  the 
blessed  rain  that  will  give  wealth  to  our  unhappy  country,  you  alone  should 
dare  to  disobey  this  order,  given  in  the  general  interest?"  "You  have  ac*ted 
rightly,"  replied  the  chief  men  of  the  Jerid,  "  but  so  far  as  our  country  is  con- 
cerneii,  rain  would  have  been  its  ruin.  Behold  this  soft  and  fragnint  ball  of 
honey.  Add  a  little  water  to  it  and  what  does  it  be<'ome?  A  coarse,  tasteless 
liquid.  Such  are  our  dates,  which  in  order  to  produce  their  honey  require  many 
rays  of  the  sun,  but  not  a  droi)  of  rain."  The  bey  was  convinced,  it  is  said,  and 
l)ermitted  them  to  return  to  their  homes. 

It  is  said  that  Deglet  Noor  dates  should  not  be  gathered  much 
before  the  end  of  October,  as,  no  matter  how  perfect  their  condition 
seems  to  be,  if  harvested  earlier  thev  will  discolor  and  become  worinv 
within  a  few  weeks.  It  was  suggested  by  a  date  buyer  at  Tozer  that 
by  cutting  about  one-third  way  through  the  main  stalk  of  the  fruit 
cluster  when  the  dates  begin  to  nuiture,  and  thus  shutting  off  part  of 
the  water  that  passes  through  the  stalk,  the  fruits  can  be  made  to 
ripen  earlier  without  injury  to  their  keeping  quality.  The  experi- 
ment is  at  least  worth  trying.  It  is  said  that  Deglet  Xoor  dates  can 
also  l)e  ripened  faster  by  removing  the  bunches  when  the  dates  begin 
to  soften  and  hanging  them  up  in  dry  rooms. 

HARVESTING. 

Different  varieties  of  dates  mature  at  different  periods,  the  earliest 
in  the  Jerid  commencing  to  ripen  in  August,  or  even  toward  the  end 
of  July,  while  the  latest  are  not  all  ripe  before  December.  Conse- 
quently the  harvest  goes  on  in  this  region  during  about  five  montlis. 
The  gathering  of  the  Deglet  Noor  dates  is  done  with  especial  care,  a-; 
they  are  the  only  kind  that  is  exported  in  any  quantity  to  Euroj>e. 
The  harvest  of  this  variety  begins  in  earnest  toward  the  end  of 
October  (about  October  25  in  1904)  and  often  continues  into  the 
first  (hiys  of  rhmuarv.  Of  course,  all  the  fruit  that  will  ripen  has 
matured  long  before   the  latter  date,  but   the   skilled   laborers   n*- 

a  Bui.  Dir.  Agr.  et  Com.,  Tunis,  1901.  pp.  122,  123. 
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quired  are  not  sufficiently  numerous  to  gather  all  tl 
as  it  is  ready  to  harvest.  Fortunately,  this  is  one  of 
date,s  of  which  can  be  left  on  the  palms  without  in 
weeks  after  maturing,  provided  the  autumn  is  a  dn 

The  Deglet  Noor  crop  is  generally  purchased  on  t 
harvest  is  supervised  by  the  buyer  or  his  agent, 
on  small  trees  which  can  be  reached  from  the  groun 
preferred  by  the  more  wealthy  natives  for  their  o\ 
being  less  liable  to  injury  in  the  harvesting.  Palms 
however,  are  generally  too  tall  to  allow  their  fruit  to 
easily.  The  harvest  from  such  trees  is  a  rather  com 
giving  employment  to  a  large  number  of  men.     (PI. 

First  there  is  the  "  getaa,"  whose  work  requires 
Armed  with  a  "  mengel  "  (see  fig.  4,  p.  44)  he  dim 
the  palm,  cuts  away  with  a  few  deft  strokes  such  of 
as  hang  in  his  way,  and  then  proceeds  to  sever  the  st 
bunches.  Along  the  trunk  below  him  a  sort  of  hu 
meanwhile  been  formed,  the  number  of  men  and  bo 
it  depending  of  course  upon  the  height  of  the  tree, 
eight  men  besides  the  getaa  clinging  to  one  tall  De 
Supporting  themselves  with  one  arm  around  the  trui 
the  scaly  bark  with  their  l)are  feet,  they  hand  down  t 
one  to  another  as  they  are  received  from  the  getaa 
product  of  the  tree  is  safely  on  the  ground.  The  tree 
with  wonderful  celerity,  to  the  accompaniment  of 
ripe  fruits  that  become  detached  from  the  bunches. 

The  getaa  receives  from  38  to  57  cents  per  day  for  j 
Noor  dates,  while  the  "  meddada,"  who  pass  the  bi 
trunk,  are  each  paid  10  to  24  cents  per  day.     Even 
reach  the  ground  they  are  handled  by  a  little  army  c 
each  of  whom  has  some  small  duty  in  connection  w 
Thus  the  "  lagata  ''  are  occupied  solely  in  picking 
dates  that  fall  while  the  bunches  are  being  cut  an 
ground.     Each  of  them  is  paid  12  to  15  cents  a  da 
whose  duty  it  is  to  carry  the  bunches  to  the  central 
product  of  the  whole  garden  is  collected,  are  entitled 
cents  each.     The  ''  batah,'"  or  men  who  guard  the  he 
the    belongings    of    the    workmen,    receive    the    sai 
'*  jerrara  "  transport  the  dates  from  the  garden  to 
and  receive  for  each  donkey  load  about  11  pounds  of 
dropped  off  the  bunches.     Then  there  is  the  "  alleg, 

''It  is  said  tliat  tlie  owners  of  pu'dons  are  lield  to  l)e  acqi 
Ration  ns  .ijood  M()h:unni(MlMn»<  to  d(»voto  n  tithe  of  tlieir  uu 
they  jfive  employment  durinp:  the  date  liarvest  to  a  sufficient  i 
of  the  oasis. 
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animals  for  the  "  jerrara,"  and  the  "  khartaf /'  who  attaches  cords 
to  the  bunches  and  brings  them  to  the  "  alleg  "  and  who  also  arranges 
the  bunches  upon  beams  in  the  storehouse  where  they  are  dried. 

It  is  said  that  one  getaa  can  keep  employed  seven  meddada,  twelve 
lagata,  two  adal,  six  jerrara,  one  alleg,  and  one  khartaf.  In  one  day 
a  skilled  getaa  can  harvest  the  dates  from  60  to  90  palms,  according 
to  the  height  of  the  trees.  With  the  above-mentioned  number  of 
assistants  of  all  classes,  he  can  harvest  on  an  jiverage  5,500  pounds  of 
dates  daily. 

Deglet  Noor  dates  that  are  to  he  exported  to  Europe  are  often 
packed  for  shipment  in  the  gardens  where  they  are  grown.  A  large 
part  of  the  crop  is  put  up  in  wooden  boxes  holding  22  pounds  each, 
which  is  the  maximum  weight  that  can  be  sent  by  parcels  post  in  a 
single  package.  (See  PL  I,  Frontispiece.)  They  are  then  trans- 
ported by  caravan  to  the  railway  terminus,  which  is  about  35  miles 
from  Tozer. 

The  fruits  of  a  few  of  the  best  varieties  other  than  the  Deglet  Noor 
are  harvested  with  the  same  degree  of  care.  In  the  case  of  certain 
rare  and  highly  esteemed  sorts,  especially  of  the  earlier  ripening  vari- 
eties, the  fruits  are  even  picked  one  by  one  from  the  bunches  as  they 
mature.  These  are  dates  that  are  reserved  for  the  tables  of  the 
wealthiest  class  of  natives.  But  in  harvesting  by  far  the  greatest 
number  of  varieties,  including  the  popular  Fteemy  date,  which  con- 
stitutes probably  more  than  one-half  the  total  crop  of  the  Jerid,  the 
bunches,  as  they  are  cut  by  the  getaa,  are  merely  dropped  upon  mats 
spread  on  the  ground  iniderneath  the  palm,  instead  of  being  passed 
from  hand  to  hand  by  the  "  meddada."  In  harvesting  Fteemy  dates 
the  men  are  paid  in  kind.  For  each  day's  work  the  getaa  is  entitled 
to  a  bunch,  which  he  selects  among  the  finest,  to  two  bunches  of 
medium  value,  and  to  11  pounds  of  detached  fruit.**  The  other 
laborers  are  paid  with  a  proportionate  share  of  dates.  F'or  harvest- 
ing "  khalt,''  or  dry  dates,  the  daily  wage  of  the  getaa  is  eight  meas- 
ures of  fruit,  amounting  to  about  88  pounds. 

PBESEBVING. 

The  fruits  of  the  different  varieties  differ  greatly  in  their  keeping 
quality.  Some  must  be  eaten  fresh,  remaining  edible  at  most  onlj'  a 
few  weeks  after  ripening.  Certain  kinds,  including  some  that  keep 
very  well  when  ripe,  are  nevertheless  preferred  by  the  natives  when 
in  the  "  besser  "  stage ;  that  is,  before  they  are  perfectly  soft  and  ripe. 
These  have  the  peculiarity  of  losing  their  astringency  before  they  be- 

o  According  to  Masselot  (ibid.,  p.  124),  tlie  total  value  of  this  quantity  of 
fruit  would  ho  about  Of)  cents  (5  francs).     If  this  be  true,  the  getan  receives 
about  twice  as  nuich  for  harvesting  Fteemy  as  for  harvesting  Deglet  Noor  dates, 
which  seems  improbable. 
92 


VARIETIES    OF   THE    DATE    PALM    IN    TUNIS.  55 

come  very  soft.  Some  kinds,  both  of  soft  and  of  dry  dates,  can  be 
preserved  several  years  without  spoiling,  although  dry  dates  are  apt 
to  become  excessively  hard  when  kept  for  a  long  time.  Soft,  sirupy 
dates  of  good  keeping  quality,  such  as  tlie  Khars  and  the  Lagoo,  are 
preserved  in  earthenware  jars  or  in  skin  bags.  The  finer  sorts,  such 
as  the  Deglet  Noor,  are  often  hung  up  in  bunches  in  the  houses  of 
the  natives,  and  are  picked  off  or  else  served  on  the  branch  as  wanted. 
It  is  said  that  the  fruits  of  some  varieties  can  be  preserved  only  by 
leaving  them  on  the  bunch  until  they  are  completely  dry,  when  they 
can  be  detached.  Others  which  are  especially  liable  to  become 
wormy  should  be  dried  in  the  sun,  after  first  splitting  them  open  and 
removing  the  seeds. 

VAKIETIES  OF  THE  DATE  PALM  IN  TUNIS. 

While  it  is  impossible  to  state  exactly  the  number  of  well-defined 
varieties  of  the  date  palm  occurring  in  Tunis,  it  is  probably  not  far 
from  150.  The  Jerid  oases  are  particularly  rich  in  varieties,  con- 
taining considerably  more  than  100  distinct  kinds."  Some  of  these 
are  extremely  local.  At  Nefta  several  varieties  were  seen  that  appar- 
ently do  not  occur  at  Tozer,  while  in  the  Nefzaoua  there  are  many 
kinds  that  are  very  rare  or  entirely  wanting  in  the  Jerid,  and  vice 
versa.  Yet  certain  varieties  (the  Kenta  and  Areshty,  for  example) 
are  widely  distributed,  being  found  not  only  in  all  the  Tunis  oases, 
but  also  in  those  of  eastern  Algeria.  Each  gi'oup  of  oases  in  Tunis 
has  its  characteristic  varieties.  Thus,  in  the  Jerid  the  Fteemy  is 
by  far  the  most  abundant  sort,  w-hile  in  the  Nefzaoua,  Gabes,  and 
Gafsa  groups  it  is  rare  or  absent.  Varieties  such  as  Doonga  and 
Zekry,  which  are  important  and  highly  esteemed  in  the  Nefzaoua, 
are  hardly  known  in  the  Jerid,  although  the  nearest  oases  of  the  two 
groups  are  only  about  30  miles  distant.  The  Boo  Hath'm  variety, 
one  of  the  most  abundant  at  Gabes  and  at  Gafsa,  is  apparently  want- 
ing in  the  two  other  groups. 

Nearly  all  the  gardens  contain  a  large  number  of  varieties,  mixed 
together  in  the  greatest  confusion.  Only  in  the  newer  gardens  of  the 
Jerid  do  we  find  plantations  of  the  Deglet  Noor  occupying  areas  of 
some  size,  to  the  exclusion  of  other  kinds.  One  large  garden  at 
Tozer  is  remarkable  for  containing  almost  solely  the  Deglet  Noor  and 
Fteemy  varieties,  but  this  is  a  rare  exception.  The  present  tendency 
is  to  plant  Deglet  Noor  offshoots  as  fast  as  they  can  be  obtained,  and 

•Oil  Paty  de  Clam  published  (Bui.  de  Googr.  Hist,  et  Descr.,  No.  .3,  1893)  a 
list  of  74  varieties  found  in  the  Jerid.  Masselot  (Bui.  Olr.  Agr,  et  Com.  Tunis, 
pp.  14(>-161,  1901)  enumerates  04  named  varieties.  Tlie  writer  was  able  to 
obtain  fruit  of  aU  but  23  of  these,  and  examined  fruits  of  21  nametl  varieties 
not  Included  in  Masselot's  catalogue. 
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(PI.  VII,  fig.  2)  often  contain  only  Dcglet  Xoor  and  Ftwiiiy  i>alnis. 

In  this  bulletin  only  varieties  that  exist  in  the  Jerid  and  Nef- 
zaoua  oa.ses  are  treated.  However,  most  of  the  important  Tunisian 
varieties  are  thus  included,  there  being  few  at  Gafsa  and  nt  Gal>es 
which  do  not  also  occur  in  one  or  both  of  the  other  groups.  Descrip- 
tions are  given  of  all  the  varieties  that  are  at  all  abundant  in  the 
Jerid  and  the  Nefzaoua,  ns  well  as  of  all  that  could  bo  found  that  are 
noteworthy  for  their  quality.  Yet  there  are  probably  three  times  as 
many  named  and  well-defined  varieties  in  the  re^on  as  are  describe<l 
in  this  paper;  and  the  writer  examined,  photographed,  and  obtained 
samples  of  the  fruits  of  nearly  twice  as  many.  Many  of  these,  how- 
ever, are.  extremely  rare,  in  some  cases  lieing  probably  confined  to  a 
single  garden. 

Suckers  of  afi  the  varieties  dcscribwl,  with  the  exception  of  the 
Chedalih,  Dcglet  Hamidatoo,  l>eglet  Hassen,  Khalt  Menakhry.  and 
Selatny,  were  brought  to  the  United  States."  Eleven  varieties,  of 
which  snekors  were  imported,  could  not  be  included  in  the  '•  Key  (o 
the  varieties,"  at  the  end  of  this  bulletin,  as  either  the  fruits  wore  not 
seen  or  else  samples  and  photographs  wore  not  obtained.  Their 
characters,  so  far  us  known,  are  described  nnder  the  heading  "  Va- 
riotioH  imported  but  not  included  in  the  key,"  page  90. 

The  Arabic  names  of  the  varieties  alone  are  in  use.  In  all  matters 
of  nomenclature  and  orthography  Mr.  W.  T.  Swingle,  who  has  given 
much  consideration  to  tliis  subject,  was  freely  consulted.  In  the 
main  the  names  as  given  by  the  writer  ai-e  identical  witli  those  given 
by  Musselot,''  although  the  spelling  has  been  altered  to  the  extent 
necessary  to  render  it  phonetic  for  English-speaking  readers.  The 
names  of  the  varieties  described  in  this  paper  which  do  not  occur  in 
Massclot's  list  are  spelled  phonetically  as  pronounced  for  the  writer 
by  the  natives.  In  some  cases,  where  tlu>  name  of  »  variety  differs  in 
different  oasis  groups,  the  pronunciation  current  in  the  Jerid  oases 
is  followo<l  as  the  standard. 

At  the  end  of  this  report,  in  the  descriptive  key  (p.  97),  the  fruit 
characters  that  Rp])ear  to  l)e  most  useful  for  the  identification  of  the 
varieties  are  descrilwd  in  detail.  In  the  present  chapter,  brief  de- 
scriptions of  the  fruits  as  to  size,  shape,  flavor,  and  keeping  quality, 
and  in  many  cases  of  the  characters  of  the  palms  themselves,  are 
given.  n(.!Ograj>hical  distribution,  abundance  or  rarity,  productive- 
ness, eiirliness  of  rijiening.  commercial  importance,  vigor,  rapidity  of 
growth,  and  alkali  resistance  are  also  discussed, 

"Those  Ave  vnrioties  nro  novertlioloss  ilesiriliod.  tbe  first  bo<«nse  of  its 
abun<1ni)(¥.  and  the  others  lieciiuw  nf  tlioir  fiiip  i|iiiillt.v:  niwl  thus  jtractlcnlly 
nil  Hie  ImiKirtjiiit  viirlotlod  uf  tlie  .JitUI  sin-  tri'iitiil  hi  this  jmiicr. 

6Rul.  DIr.  Aur.  ct  Com.  Tutiin.  in*.  14(H«1  (1001). 
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In  classing  the  varieties  as  of  first,  second,  or  minor  iiiiportance, 
such  j)oints  as  the  size,  flavor,  earliness  of  ripening,  and  keeping 
quality  of  the  fruit,  the  thickness  of  the  flesh,  and  the  proportionate 
size  of  the  seed,  as  well  as  the  rapidity  of  growth,  hardiness,  and  pro- 
ductiveness of  the  trees  have  all  l)een  considered.  Thus  the  Fteemv 
variety  (PI.  X,  fig.  8),  although  not  ranking  with  the  Deglet  Noor 
(PI.  VIII,  fig.  1)  in  respect  to  flavor  and  cleanness  of  skin,  is  yet  a 
very  attractive  date  and  is  remarkable  for  the  ease  with  which  it  is 
propagated,  its  rapid  growth,  vigor,  and  productivity.  Hence  it  has 
seemed  advisable  to  place  it  in  the  first  class,  and  the  Kenta  variety 
(PI.  X,  fig.  2)  has  been  ins^^rted  there  for  similar  reasons.  On  the 
other  hand,  the  Mokh  Begry  (PI.  X,  fig.  4),  although  of  delicious 
flavor  and  highly  esteemed  by  the  Arabs,  is  not  as  attractive  as  other 
kinds  in  the  shape  and  size  of  its  fruit,  besides  being  a  rather  light 
l^earer.     Consequently  it  is  ranked  as  of  secondary  importance. 

It  should  be  remembered  that,  in  judging  such  characters  as  flavor, 
personal  bias  enters  very  largely  into  the  equation.  In  regard  to  the 
fruits  of  several  varieties,  the  writer's  opinion  did  not  at  all  agre^ 
with  that  of  the  inhabitants  of  the  oases,  nor  has  it  always  coincided 
with  that  of  colleagues  in  the  Department  of  Agriculture  with  whom 
he  has  compared  notes  in  testing  dates. 

Another  point  that  should  be  emphasized  is  the  great  likelihood 
that  the  varieties  imported  will  undergo  more  or  less  change  in  their 
new  environment,  some  improving  and  others  deteriorating.  It  is 
by  no  means  impossible  that  varieties  which  in  Tunis  appear  to  be 
second-rate  or  even  of  minor  importance  will  take  rank  among  the 
best  when  grown  in  the  United  States,  and  that  some  of  the  kinds 
that  are  classed  in  this  paper  as  of  first  importance  will  not  prove  to 
be  the  best  adapted  to  our  conditions.  At  all  events  it  will  be  ex- 
tremely interesting  to  watch  the  behavior  of  the  Tunisian  varieties 
that  have  been  introduced  into  the  United  States. 

Among  Tunis  dates  the  Menakher  variety  (see  also  p.  GO)  must  be 
given  first  rank,  so  far  as  the  quality  of  the  fruits  is  concerned.  (See 
Pis.  V  and  VIII,  fig.  2.)  These  are  fully  equal  to  the  Deglet  Noor 
in  flavor,  cleanness  of  skin,  and  keeping  quality,  and  are  usually  1^  to 
1§  times  as  large  as  the  latter.  The  fruits  appear  to  ripen  earlier, 
and  the  trees  are  said  to  give  considerably  heavier  yields  than  the 
Deglet  Noor  variety.  Unfortunately  Menakher  palms  are  so  ex- 
tremely rare  that  only  nine  ofl'shoots  of  this  variety  could  be  obtained 
for  importation  into  the  United  States.  Even  rarer  is  the  Selatny 
date  (see  fig.  52,  p.  03),  the  fruits  of  which  resemble  and  perhaps 
equal  the  Deglet  Noor  in  flavor,  and  are  as  large  as  those  of  the 
Menakher.  These  two  varieties  are  in  fact  nearlv  extinct.  At  the  or- 
dinary  rate  of  propagation  it  would  require  a  great  many  years  to 
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undoubtedly  make  thf>ni  uiarkttabli-  nt  high  prices  if  they  coiihl  Iw 
had.  So  far  as  Selatny  is  wneemed,  there  seems  to  be  little  chance 
of  obtaining  offshoots,  but  the  Menaklier  variety  has  hcen  introdueod 
in  sufficient  number  to  give  a  fair  opportunity  for  establishing  it  in 
this  country.  It  remains  to  devise  some  means  of  sjwedy  propappition 
by  means  of  smaller  offshoots  than  are  generally  taken  for  planting. 
Perhaps  the  offshoots  can  b*  removed  l>efore  they  have  formed  roots 
and  then  can  be  nursed  in  greenhouses  until  well  rooted.  The  variety 
is  so  promising  that  no  pains  sliould  be  spared  in  multiplying  it  as 
rapidly  as  possible. 

As  regards  actual  commercial  importance,  the  Deglet  Noor  variety 
is  easily  first.  (Pis.  VI,  fig.  1,  and  VIII,  fig.  1.)  No  other  kind  that  is 
at  all  common  equals  it  in  quality.  Its  exquisite  flavor,  handsome 
appearance,  cleanness  of  skin,  and  admirable  keeping  quality  give  it 
a  deserved  preeminence  among  the  dates  that  are  extensively  grown 
in  North  Africa,  aiid  have  made  it  the  only  Algerian  or  Tunisian  date 
that  is  largely  exported  to  Europe  and  America.  Yet  it  has  some 
serious  disadvantages,  eh-e  it  would  be  hardly  worth  while  to  experi- 
ment in  this  country  with  any  other  variety.  The  greatest  of  these 
is  its  late  ripening,  or,  in  other  words,  its  very  high  requirement  as  to 
total  heat,  a  requirement  that  can  probably  be  met  in  but  very  few 
localities  in  the  United  States.  Another  drawback  is  the  relatively 
small  average  yield  of  the  palms.  In  both  these  regards  the  Menak- 
her  variety  ap|)ears  to  surpass  the  Deglet  Noor,  while  equaling  the 
latter  in  the  quality  and  greatly  exceeding  it  in  the  size  of  the  fruits. 

The  Boo  Affar  (PI.  IX,  fig.  2)  is  hardly  inferior  to  the  Menakher 
in  many  of  the  qualities  of  a  first-class  date.  Its  large  fruits  have  a 
very  fine  flavor  and  very  thick  flesh,  abounding  in  sugar.  It  is  one 
of  the  handsomest  of  dates,  being  especially  noticeable  for  its  splendid 
coloring.  The  large  size  and  unusual,  almost  perfectly  globular  shape 
of  the  Tronja  date  (Pis.  IV,  fig.  1,  and  IX,  fig.  1)  will  at  once  attrnct 
attention.  These  peculiarities  are  associated  with  great  thickness  of 
flesh  and  a  very  rich  flavor.  Unfortunately,  not  much  is  known  a.s  to 
the  prtKluctiveness  of  the  variety.  The  Boo  Fagoos  (fig.  10.  p.  fi7)  is 
also  remarkable  for  the  form  of  its  fruit,  which  is  somewhat  fiddle-  ( 
shaped  an<l  of  fairly  large  size.  It  has  a  very  rich,  attractive  flavor.  ' 
and,  like  the  Tronja,  is  lield  in  high  esteem  by  the  natives  of  the 
region  where  it  grows.  All  three  of  these  varieties  offer  great  possi-  j 
biltties  as  a  fancy  dessert  fruit,  commanding  a  high  price  in  the  j 
market.  ; 

The  Tafazweon  (fig.  11,  p.  118)  is  the  best  of  the  rather  long,  slender  j 
dates  examined  by  the  writer.     It  is  decidedly  attractive,  with  its  | 
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bright  bay  color  and  transparent  flesh,  nor  does  its  flavor  belie  its 
appearance.  It  seems  to  be  an  earlier  ripening  kind  than  the  Deglet 
Noor,  and  might  be  expected  to  take  its  place  in  regions  where  the 
sum  total  of  temperatures  is  not  quite  suflicient  to  ripen  the  latter. 

Although  decidedly  inferior  Jn  flavor  and  probably  in  keeping 
quality  to  the  Deglet  Noor,  the  Fteemy  (Pis.  VII  and  X,  fig.  3)  is  a 
fine  variety.  It  is  by  far  the  most  abundant  kind  grown  in  the  Jerid 
oases  and  is  surpassed  by  none  in  productiveness,  rapidity  of  growth, 
vigor,  and  hardiness.  The  fruit  is  handsome  and  highly  colored, 
the  flesh  soft  and  sirupy,  and  the  flavor  so  rich  and  sweet  that  Fteemy 
dates  can  not  be  eaten  in  large  quantity  at  any  one  time.  In  the 
writer's  judgment  this  is  a  finer  fruit  than  the  Rhars,  that  is  so  ex- 
tensively grown  in  Algeria,  although  it  shares  with  the  latter  the 
disadvantage  of  being  sticky  when  fresh  and  consequently  difficult 
to  handle  as  a  dessert  fruit.  It  is  a  late-ripening  sort,  little  if  at  all 
earlier  than  the  Deglet  Noor,  and  hence  should  not  be  planted  except 
in  the  warmest  localities  of  the  Southwestern  States.  It  has,  how- 
ever, a  decided  advantage  over  the  Deglet  Noor  variety  in  point  of 
rapidity  and  vigor  of  growth  and  in  productiveness,  being  said  to 
yield  heavily  every  year. 

Areshty  (fig.  13,  p.  71)  is  a  variety  considerably  resembling  the 
Boo  Affar  in  size  and  shape,  but  is  less  richly  flavored  and  less 
brightly  colored.  In  its  rather  firm  flesh  and  wholesome,  moderately 
sweet  flavor  it  resembles  dates  of  the  dry  class.  Were  it  not  for  the 
great  size  of  its  fruits  it  would  be  somewhat  doubtful  whether  this 
should  be  classed  as  a  variety  of  primary  importance,  as  the  flavor, 
although  attractive,  is  not  to  be  compared  with  that  of  the  Deglet 
Noor  and  hardly  equals  that  of  the  Fteemy  variety. 

The  Horra  variety  (PI.  X,  fig.  1)  is  very  highly  spoken  of  by 
French  settlers  in  the  oases,  and  is  exported  in  small  quantity  to 
Europe.  While  from  a  botanical  point  of  view  it  Ix^longs  to  the  "  dry 
date ''  class,  in  reality  its  flesh  is  thick  and  never  Incomes  verv  dry  or 
hard.  It  is  easily  the  finest  of  its  type.  The  flavor  is  delicious,  yet 
not  so  rich  as  to  fatigue  the  palate.  When  we  consider,  furthermore, 
the  good  size  of  the  handsome  fruit,  its  early  ripening,  and  the  hardi- 
ness of  the  palms,  there  seems  ample  justification  for  giving  the 
Ilorra  a  very  high  rank  among  Tunisian  varieties. 

Ranking  next  after  the  Horra  among  the  dates  of  the  dry  type  is 
the  Kenta  variety  (PI.  X,  fig-  2).  This  has  a  medium-sized  fruit, 
smaller  than  the  Horra.  Its  flesh  is  thicker  and  more  tender  than  in 
most  of  its  class.  It  ripens  early,  preserves  well,  and  is  one  of  the 
most  productive  of  all  varieties.  The  flavor  is  very  agi*eeable  and 
wholesome,  while  not  so  rich  as  to  be  easily  cloying.  Kenta  palms 
appear  to  be  unusually  hardy  and  resistant  to  alkali  in  the  soil. 
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DESGBIPTIONS  OF  THE  VARIETIES. 

In  the  descriptions  that  follow,  the  page  number  placed  after  the 
name  of  each  variety  refers  to  the  descriptive  key  at  the  end  of 
the  bulletin  (pp.  J)7-10C),  where  a  more  detailed  account  of  the 
characters  of  the  fruits  will  be  found.  It  should  Ix?  noted  that  with 
few  exceptions  all  the  varieties  can  readily  be  referred  to  one  or  the 
other  of  two  principal  types — ^the  "  dry  dates  "  and  the  '^  soft  dates," 
(See  p.  90.)  The  first  are  characterized  by  having  the  skin  of 
the  ripe  fruit  mostly  roughened  with  numerous  hard,  narrow,  trans- 
verse, as  well  as  longitudinal,  wrinkles,  while  the  flesh  is  usually  thin 
and  generally'  Ix^comes  quite  hard  and  dry  in  fi'uit  that  is  long  pre- 
served. Plate  X,  figure  1,  illustrates  a  typical  date  of  this  class. 
The  soft  dates,  on  the  other  hand,  have  the  skin  of  the  ripe  fruit 
loosened  over  a  great  part  of  the  surface  into  a  few  Isirge,  soft  blisters, 
and  the  flesh  is  usually  thick  and  remains  soft,  or  at  least  tender. 
Typical  soft  dates  are  illustrated  in  Plates  VIII  and  IX,  figure  ± 
Dates  of  the  first  tvpe  are  onlv  moderately  sweet,  and  as  thev  can  \^^ 
eaten  in  quantity  without  inconvenience  they  form  a  Large  part  of 
the  food  of  the  Arabs.  Some  of  them,  like  Horra  and  Kenta,  have  a 
delicious  flavor,  while  others  are  insipid.  The  soft  dates,  on  the 
other  hand,  are  generally  so  rich  and  sweet  as  to  be  rather  a  dessert 
fruit  than  a  .staple  article  of  food.  To  this  category  belong  the 
highly  prized  Deglet  Noor,  the  choice  Menakher,  the  rich,  sirupy 
Fteemv — in  short,  most  of  the  finest  varieties.  Wliile  manv  of  these 
can  be  kept  for  a  long  time  in  good  condition,  others  are  not  pro- 
servable,  but  must  be  eaten  fresh  or,  at  most,  sl  few  weeks  after  they 
are  gathered. 

Under  the  first  heading  follow^ing — "  Varieties  of  primary  im- 
portance " — these  are  arranged  as  nearly  as  possible  in  the  order  <>f 
their  value,  as  determined  bv  the  considerations  mentioned  above 
Under  the  headings  "  Varieties  of  secondary  importance  ''  and  '^  Va- 
rieties of  minor  importance  "  the  varieties  follow  the  order  m  which 
they  are  placed  in  the  key.  The  "  Varieties  imported  but  not  in- 
cluded in  the  key "  and  ^*  Varieties  included  in  the  key  but  not 
imported  ''  are  arranged  alphabetically. 

VARIETIES  OF  PRIMARY  IMPORTANCE. 

SOFT    DATES. 

Mexakiier  (p.  100).— Fruit  of  the  soft-date  type  (PL  VIIT,  figr-  2), 
2  to  2i  inches  long,  about  one-half  as  wide,  oblong,  broad  and  rounded 
at  both  ends,  keeping  its  shape  well  w^hen  preserved;  brownish 
maroon  when  ripe;  the  flesh  2  to  2 J  lines  thick;  the  seed  broad  at  both 
ends,  about  one-half  as  long  as  the  fruit,  one-half  as  w^ide  as  long, 
very  rough.     (Fig.  6.) 
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•  

The  leavCvS  (PI.  V)  are  long  and  broad  and  rather  stiff  and  heavy, 
crowded  with  very  numerous  long  leaflets,  and  their  stalks  are  armed 
almost  throughout  their  length  with  long,  stoirt  spines.  The  fruit 
clusters  are  short  and  dense,  their  stalks  bright  yellow^  (not  at  all 
orange),  rather  short,  stout,  and  only  moderately  curved,  so  that 
the  bundles  do  not  hang  down  below  the  leaves,  as  in  the  Deglet  Xoor, 
but  are  almost  hidden  by  the  foliage. 

This  superb  variety  produces  fruit  that  is  thought  by  many  of  the 
natives,  and  even  by  some  of  the  few  Europeans  who  have  tasted  it,  to 
surpass  the  Deglet  Noor.  In  the  writer's  judgment  and  that  of  several 
of  his  colleagues  who  have  given  much  attention  to  the  subject  of 
dates,  as  well  as  in  the  opinion  of  the  experts  attached  to  two  of  the 
largest  American  firms  that  import  fruits,  it  is  at  least  equal  in  quality 
to  the  Deglet  Noor,  which  it  con^ idej-ably  resembles  in  flavor.  Insizr 
Menakher  dates  are  one  and  one-half  to  nearly  two  times  as  large  as 
the  Deglet  Xoor."  In  color  they  are  generally  darker.  The  seed, 
though  thick,  is  short  in  proportion 
to  the  length  of  the  fruit,  and  it 
is  very  different  in  appearance  from 
that  of  the  Deglet  Noor.  The  thick, 
translucent  flesh,  although  soft  and 
sirupy  at  the  moment  of  ripening, 
becomes  firm  when  preserved,  just 
as  does  that  of  the  Deglet  Noor. 
At  the  same  time,  it  does  not  be- 
come    dry    and    hard    after    a    few 

months,  as  in  most  of  the  dry  dates.      ^'"-  6.-Outlme8  of  Menakher  seed  and 
^^  1        -.1  ^r  fruit.    (Natural size.) 

If  preserved  wuth  any  care,  Mena- 
kher dates  keep  their  shape  admirably.     Those  that  were  examined 
and  tasted  by  the  writer  after  having  been  kept  for  three  or  four 
months  in  the  houses  of  natives  sliowed  themselves  to  be  in  all  respects 
equal  to  the  Deglet  Noor  in  keeping  quality.     As  in  that  variety,  the 

a  Samples  of  Menakher  and  of  Deplet  Noor  dates  have  recently  (December  5, 
1905)  been  received  by  the  writer,  throiigli  the  kindness  of  Mr.  Ivouis  (Jroch,  of 
Nefta,  in  soutliern  Tunis.  A  comparison  of  the  two  shows  that  in  volume  (de- 
termined by  the  displacement  of  water)  the  former  average  15  c.  c.  and  the  lat- 
ter 0  c.  c,  the  Menakher  dates  being,  therefore,  one  and  two-thirds  times  as  large 
as  those  of  the  Deglet  Noor  variety.  They  are  also  about  one  and  two-thirds 
times  as  heavy,  Menakher  fruits  averaging  1(5.70  grams  in  weight,  while  Deg- 
let Noor  fruits  average  10.44  grams.  The  percentage  weight  of  the  seed  to  that 
of  the  whole  fruit  (i.  e.,  with  the  seed.)  is  10.4  in  the  case  of  the  Menakher 
and  9.8  in  the  c»ase  of  Deglet  Noor.  The  importance  of  this  character  in  dis- 
tinguishing date  varieties  was  first  pointed  out  by  Prof.  J.  W.  Toumey.  An 
exceptionally  large  Menakher  fruit  weighed  1S.7  grams  and  the  seeil  1.7  grams, 
or  only  9.1  per  cent  of  the  weight  of  the  whole  fruit. 
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skin  does  not  become  sticky,  but  remains  dry  and  clean,  which  is  a 
very  desirable  property  in  a  dessert  fruit. 

An  objectionable  feature  in  Menakher  dates  is  the  strong  develop- 
ment of  the  white,  string}'  core,  or  "  rag,"  to  borrow  a  term  from  the 
orange  growers.  This  diminishes  j>erceptibly,  however,  in  thoroughly 
ripe  fruit.  The  consensus  of  opinion  among  those  who  examined  the 
two  samples  from  Nefta  mentioned  in  the  footnote  on  page  61  is  that 
in  point  of  apjx^arance,  cleanness  of  skin,  keeping  quality,  and  deli- 
cacy of  flavor  the  Menakher  dates  surpassed  the  Deglet  Xoor,  while 
the  latter  are  superior  in  the  crisper  texture  of  the  flesh  and  the 
smaller  development  of  stringy  core.  Menakher  dates  are  generally 
reserved  for  the  tables  of  the  wealthier  natives  and  for  gifts  to  their 
friends.  On  the  rare  occasions  when  they  are  sold  they  are  said  to 
bring  about  one-third  more  than  Deglet  Nooi*s. 

The  Menakher  variety  ripens  its  fruits  in  the  latter  part  of  October. 
It  is  said  to  yield  little  during  the  first  few  years  after  the  offshoots  are 
planted,  but  afterwards  surpasses  the  Deglet  Noor  in  yield,  one  palm 
producing  sometimes  220  pounds  of  dates.  Single  clusters  are  said 
to  be  sometimes  too  heavy  for  a  strong  man  to  carry. 

Menakher  palms  occur  in  the  oases  of  Xefta,  Tozer,  and  El  Oudiane 
of  the  Jerid  grouj),  and  are  said  also  to  occur  in  the  Nefzaoua  region, 
although  the  writer  could  not  confirm  the  latter  statement.  They 
are  everywhere,  however,  extremely  rare,  being  found  usually  only 
in  the  largest  and  finest  gardens,  with  rarely  more  than  one  individual 
in  each  garden.  In  the  oasis  of  El  Oudiane,  where  palms  of  this 
variety  are  said  to  be  most  frequent  and  to  produce  the  finest  fruit, 
there  are  probably  not  more  than  12  or  15  trees,  and  most  of  these 
are  old  ones,  no  longer  producing  offshoots. 

The  natives  give  a  curious  account  of  the  great  rarity  of  this  va- 
riety, which  they  hold  in  high  esteem,  and  almost  veneration.  It 
appears  that  in  former  times  the  bey  and  other  great  dignitaries  of 
the  country  were  excessively  fond,  of  Menakher  dates,  and  were  in 
the  habit  of  sending  their  agents  to  the  Jerid  at  the  time  they  ripen 
in  order  to  j)rocure  them.  As  their  fondness  for  these  dates  inci^ased 
they  began  to  appropriate  the  entire  crop,  leaving  none  for  the  un- 
fortunate owners  of  the  trees,  and  often  forgetting  to  pay  for  what 
they  took.  Conseciuently  the  pr()j)rietors,  in  disgust,  stopped  plant- 
ing offshoots  of  this  variety  and  sometimes  even  went  to  the  length 
of  cutting  down  old  palms."  Nowadays  so  few  offshoots  are  left  that 
there  is  some  danger  of  the  complete  extinction  of  the  variety.  Even 
if  every  effort  were  made  to  reestablish  it,  it  would  require  many 
years  before  Menakher  dates  could  be  j^roduced  in  large  quantity. 

oThe  natives  give  the  same  explanation  of  the  extreme  rarity  of  the  priz«M 
Selatny  (see  p.  98),  the  only  Tunisian  variety  which  might  be  considered  first 
class  of  which  the  writer  failed  to  procure  offshoots. 
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Although  the  Arabs  invariably  relate  the  history  giv?n  above  in 
attempting  to  account  for  the  passing  of  this  choice  variety,  it  is  pos- 
sible that  there  are  other  reasons  for  its  rarity.  Some  of  the  garden- 
ers who  are  familiar  with  it  say  that  very  careful  nursing  is  required 
to  make  Menakher  offshoots  live  and  grow.  On  the  other  hand,  Si 
Brahim  Ben  Ouedi,  of  Nefta,  the  owner  of  a  fine  young  palm  of  this 
variety,  says  that  while  great  care  must  be  taken  in  detaching  and 
i:)lanting  Menakher  offshoots,  they  are  afterwards  as  easy  to  grow  as 
those  of  other  varieties. 

After  an  exhaustive  search  of  all  the  Jerid  oases  for  Menakher  off- 
shoots only  nine  could  be  obtained  for  importation  into  the  United 
States,  of  which  six  were  so  small  that  little  hope  was  entertained  of 
their  living.  Fortunately,  they  have  been  given  every  care  in  the 
cooperative  date  gardens  of  the  Department  of  Agriculture  and  the 
Arizona  and  California  experiment  sta- 
tions at  Tempe,  Ariz.,  and  Mecca,  Cal., 
and  when  seen  by  the  writer  in  Septem- 
ber, 1905,  all  of  them  seemed  likely  to 
grow.  So  even  if  this  valuable  date  be- 
comes extinct  in  the  country  of  its  origin, 
there  is  a  fair  prospect  of  its  being  con- 
tinued in  the  United  States.  It  should 
be  stated  that  one  of  the  finest  of  the 

ff^         ,  *^.    j_       ,^        r\  i  a       PlG.7.— Outlines  of  DegletNoorseod 

shoots   was  a    gift   to   the   Department  andfrmt.    (Natural  size.) 

of  Agriculture  on  the  part  of  Si  Brahim 

Ben  Ouedi,  of  Nefta,  from  the  tree  mentioned  above  and  represented 

in  Plate  V,  figure  1. 

Deglet  Noor  (p.  104). «— A  soft  date  (Pis.  I  and  VIII,  fig.  1)  1  j  to 
a  little  over  2  inches  long,  and  about  one-half  as  wide,  ovate  oblong 
in  shape,  generally  widest  at  or  near  the  middle,  and  bhuit  pointed  at 
the  apex,  often  narrowed  also  at  the  base,  maroon  colored  when  ripe, 
the  flesh  2  to  3  lines  thick,  translucent,  the  seed  a  little  more  than  one 
half  as  long  as  the  fruit,  conspicuously  pointed,  and  dark  chestnut- 
l)rown  in  color.  (Fig.  7.)  The  stalks  and  branches  of  the  fruit  chis- 
ters  are  bright  yellow  (not  orange),  the  stalks  long  and  slender, 
sharply  curved  near  the  base,  so  that  the  bunches  hang  down  far 
below  the  crown  of  foliage.  (PI.  VI,  fig.  1.)  The  trunk  is  com- 
paratively slender.  The  foliage  is  light  and  delicate  looking,  and 
the  narrow  leaves  and  leaflets  are  rather  yellowish  green.  The  spines 
are  slender  and  weak. 

This  well-known  variety  is  largely  exported  to  Europe  from  Al- 
geria and  Tunis,  and  is  practically  the  only  North  African  date 
that  is  known  in  the  United  States.     There  can  be  no  doubt  that  the 


«  Described  in  Bui.  53,  Bureau  of  Plant  Industry,  pp.  33-36. 
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Depict  Noor  presents  a  combination  of  cha^acte^^5 — fine  flavor,  sweet- 
ness, attractive  appearance,  cleanliness,  good  keeping  quality— thti 
can  be  rivaled  by  no  other  variety  that  is  widely  grown  in  Algeria 
and  Tunis.     Only  among  very  rare  sorts,  such  as  the  Menakher  (>« 
p.  60),  is  there  any  possibility  of  its  meeting  a  competitor.     Even  u. 
the  oases  themselves  it  is  the  only  kind  that  is  found  on  the  tables  o! 
Europeans  or  that  is  starved  by  the  more  wealthy  natives  to  their  Eu- 
ro|)ean  guests.    The  general  recognition  of  the  superior  quality  and  tk 
connnercial  importance  of  the  Deglet  Noor  is  shown  by  the  fact  that 
the  "  kanoon "  tax  levied  by  the  Tunisian  government    ujxm  date 
palms  in  full  bearing  amounts  to  1^   francs   (2r)i  cents)    for  each 
Deglet  Noor  tree,  and  only  two-thirds  of  a  franc  i>er   tret*   for  all 
other  varieties. 

The  Deglet  Noor  ripens  its  fruit  to  perfection  in  the  oases  of  th^ 
Jcrid,  and  the  government  is  attempting  to  establish  it  in  the  Nef- 
zaoua  region.  Elsewhere  in  Tunis  the  climatic  conditions  are  un- 
favorable to  this  variety,  which  is  one  of  the  latest  sorts  to  ripen  and 
requires  a  high  sum  total  of  mean  temperatures  above  CAA^  F.*  to 
bring  it  to  i)erfect  maturity.  The  maritime  climate  of  Gabc»>  i-^ 
particularly  ill  adapted  to  the  Deglet  Noor,  and  the  trials  that  hare 
l>een  made  of  it  there  have  been  unsuccessful. 

First  introduced  into  Tunis  from  the  Oued.Rirh,  in  Algeria, 
some  200  or  250  years  ago,  there  are  said  to  be  now  some  50,000  tree? 
of  this  varietv  in  the  Jerid  oases,  in  which  case  it  constitutes  7  to  > 

« 

per  cent  of  the  total  number  of  palms  of  all  varieties.^  The  devel- 
opment of  a  very  respectable  ex])ort  trade  in  Deglet  Noor  dates  dur- 
ing the  past  ten  or  fifteen  3'ears  ^  has  stimulated  the  natives  to  plant 
trees  of  this  variety,  and  the  i)roportion  of  Deglet  Noor  to  other 
jmlms  will  doubtless  steadily  increase'  from  this  time  forward.  As 
sufficient  ofl'shoots  of  this  variety  are  not  produced  in  their  own  gar- 
dens, the  inhabitants  of  the  Jerid  have  secured  a  modification  of  ihe 
Tunisian  law  against  the  importation  of  living  plants,*^  thus  allowing 
them  to  bring  offshoots  from  the  Oued  Rirh  oases  in  Algeria. 


a  Estiinntod  by  W.  T.  SwiiiKk*  (Hiil.  53,  Bureau  of  Plant  Industry,  p.  n7)  to 
ngprc^'ate  3,«KM)°  F. 

&  The  total  number  of  productive  date  palms  in  the  .Terid  in  generally  pUu-eil 
at  from  tKH),0()()  to  70(),(MK),  although  some  authorities  estimate  as  high  a." 
1,000,000  trees. 

0  Estimated  in  1803  to  amount  to  (i(jO.O(K>  pounds,  while  in  1004  more  ihan 
four  times  that  (luantlty  (2,S(>0,(HK)  jjounds)  is  said  to  have  been  purchased  for 
export — 550,000  i)ounds  by  a  single  French  firm.  The  annual  exports  of 
Deglet  Noor  dates  from  the  ports  of  Tunis  are  said  to  have  averaged  in  recenl 
years  1,175.<K)0  to  2,200,000  pounds,  all  of  this  quantity  having  bcieu  grown  in 
the  Jerid  oases. 

d  Designed  to  prevent  the  introduction  of  pliylloxern. 
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As  to  the  quality  of  the  Deglet  Noor  dates  produced  in  the  Jerid 
oases,  the  buyer  for  a  well-known  French  importing  house,  who  had 
operated  during  several  previous  years  in  the  Oued  Rirh  but  who 
last  season  (1904)  made  his  purchases  in  the  Tunis  oases,  was  of  the 
opinion  that  the  latter  region  surpasses  the  Oued  Rirh  oases  in  the 
quality  of  its  Deglet  Noor  dates.  As  compared  with  the  fruits  of 
this  variety  grown  in  the  Oued  Souf,"  those  of  the  Jerid  are  larger, 
softer,  and  of  finer  appearance,  while  the  Deglets  of  the  Souf  are 
said  to  1x5  superior  in  keeping  quality. 

The  natives  consider  a  sandy  soil  as  decidedly  more  favorable  to 
the  quality  of  the  Deglet  Noor  fruit  than  one  containing  much  silt 
or  clay. 

Deglet  Noor  dates  begin  to  ripen  in  quantity  in  the  Jerid  toward 
the  end  of  October;  Masselot  gives  October  25  as  the  usual  date. 
The  harvest  of  1904  commenced  about  that  date  and  continued 
throughout  November,  December,  and  the  first  days  of  January,  1905. 
The  crop  is  generally  jDurchased  on  the  trees  for  about  two-thirds  of 
the  price  which  the  dates  bring  at  wholesale  at  Marseille,  and  the 
buyer  undertakes  the  gathering  ^  and  packing  of  the  fruit.  In  1904, 
when  the  crop  was  an  unusually  abundant  one  lx)th  in  the  Jerid  and 
the  Oued  Rirh  and  the  price  correspondingly  low,  these  dates  sold  on 
the  trees  for  about  $2.59  per  100  pounds,  and  brought  at  Marseille 
from  $3.54  to  $3.88.  In  1903,  when  the  crop  was  much  smaller, 
Deglet  Noor  dates  from  the  Jerid  sold  at  Marseille  for  from  $4.75  to 
%$4.80  per  100  pounds.  The  season  of  1904  was  unusually  favorable 
to  the  quality  as  well  as  the  yield,  less  than  0.3  inch  of  rain  having 
fallen  at  Tozer  during  the  months  of  September  and  October  together, 
and  only  0.2  inch  during  Noveml)er. 

The  Deglet  Noor  is  slower  in  coming  into  full  bearing  tlian  most 
other  varieties,  the  palms  generally  not  giving  a  good  crop  until  they 
are  ten  years  old,  while  the  Fteemy  variety  begins  to  yield  largely 
when  only  four  or  five  years  old.  The  fruit  of  very  young  trees  is 
said  to  be  usually  inferior  in  quality.  While  some  varieties  bear  well 
every  year,  a  Deglet  Noor  palm  produces  largely  only  every  second 
or  third  j^ear,  and  the  average  crop  is  smaller  than  that  of  many  less 
esteemed  kinds.  The  average  yield  in  the  Jerid  of  Deglet  Noor  palms 
in  full  bearing  is  stated  by  one  authority  to  be  132  pounds,?  while 

o  See  Bui.  80,  Bureau  of  Plant  Industry,  p.  24. 

6  See  p.  52  for  an  account  of  the  methods  of  harvesting. 

c  In  Algeria  the  average  product  of  this  variety  is  variously  estimatetl  to  be 
from  88  to  132  pounds.  (See  Bui.  53,  Bureau  of  Plant  Industry,  p.  35.)  On 
account  of  its  relatively  low  productiveness  and  its  delicacy  of  constitution,  the 
Inhabitants  of  the  Mzab  oases  are  somewhat  prejudicetl  against  this  variety, 
notwithstanding   the  undeniable   excellence   of   its   fruit.     But,   being   largely 
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for  the  Fteemy  and  Kenta  varieties  200  and  300  pounds,  respectively, 
are  not  considered  extraordinary  yields. 

Opinions  differ  in  the  Jerid  as  to  the  degree  of  resistance  of  this 
variety  to  large  amounts  of  salts  in  the  soil.  The  proprietor  of  one 
garden  at  Tozer,  in  a  part  of  the  oasis  where  there  is  much  saline 
efflorescence,  regarded  the  Deglet  Xoor  as  the  most  susceptible  of  all 
varieties  to  the  effect  of  ^'  alkali,''  while  at  El  Hamma  experts  in  date 
culture  told  the  writer  that,  if  freely  irrigated,  this  variety  shows  a 
high  degree  of  resistance. 

Boo  Affar  (p.  101). — A  soft  date  (PI.  IX,  fig.  2),  about  2  inches 
long  and  from  a  little  more  than  one-half  to  three-fifths  as  wide, 
conspicuously  wider  above  than  below  the  middle  but  narrowed  to 
the  blunt  apex,  bright  purplish  maroon  when  ripe,  the  flesh  3  to  8| 
lines  thick,  tender  yet  firm,  the  seed  a  little  more  than  one-half  as 
long   as  the   fruit,  cinnamon  brown.     (Fig.  8.)     The  stalks   and 

branches  of  the  fruit  clusters  are  deep 
orange.  The  foliage  is  said  to  be  heavy 
and  the  leaves  wide  and  very  green. 

This  variety  occurs  in  the  gardens 
of  El  H'anmia  oasis  (Jerid)  and  in 
the  Nef zaoua,  but  is  nowhere  common. 
The  fruit  is  remarkable  not  only  for 
its  large  size,  thick  flesh,  and  delicious 
flavor,  but  for  its  beautiful  coloring, 
its  tints  rivaling  those  of  scarlet  oak 
leaves  in  the  autumn.  The  fruit  ripens 
rather  late  (in  November,  according 
to  Masselot).  It  resembles  that  of  the 
Areshty  variety  (see  p.  70),  but  is  much  more  highly  colored.  It  is 
said  to  be  better  flavored  than  the  Areshty  when  thoroughly  ripe,  and 
in  the  writer's  opinion  this  is  true.  On  the  other  hand,  the  natives 
prefer  the  fruit  of  Areshty  to  those  of  Boo  Affar  when  only  partly 
ripe.  The  flesh  is  tender,  yet  rather  firm,  and  is  very  sweet  and  full 
of  sugar.  The  skin,  even  of  the  ripe  fruit,  is  fairly  clean  and  dry. 
Of  this  variety  8  offshoots  were  imported. 

Tronja  (p.  99). — (Also  spelled  Troundja.)  A  soft  date  (PL  IX, 
fig.  1),  perfectly  round,  or  nearly  so,  IJ  to  nearly  2  inches  in  greatest 
diameter,  maroon  to  prune  purple  when  ripe,  the  flesh  4  to  5  lines 
thick,  very  sugary,  yet  firm;  the  seed  very  thick,  six-tenths  to  seven- 
tenths  as  long  as  the  fruit  and  about  three-fifths  as  long  as  wide, 

cngnf^cd  in  other  business,  they  are  not  so  dependent  for  a  Hvenhood  upon  the 
l)rodiict  of  their  date  palms  as  are  the  natives  of  other  Saharan  oases,  else  tbey 
would  probably  attach  greater  importance  to  the  commercial  superiority  of  the 
Deglet  Noor.     (See  Charlet,  in  Bui.  Soc.  G6ogr.  d'Alger,  1905.) 
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much  furrowed.    The  foliage  (PL  IV,  fig.  1)  is  dense,  the  leaves  wide, 
crowded  with  leaflets,  and  drooping  gracefully  at  the  ends. 

This  is  a  rare  variety,  apparently  confined  to  Tunis,  occurring  spar- 
ingly in  the  Jerid  and  the  Nefzaoua.    The  fruit,  which  ripens  in 
October,  is  remarkable  for  its  large  size,  the  thickness  of  its  flesh,  and 
its  globular  shape.    The  short,  very  thick 
seed  is  also  characteristic.     (Fig.  9.) 

This  date  is  highly  esteemed  by  the 
natives.  The  flesh  is  very  firm  and  even 
sonewhat  tough,  extremely  sweet,  and  very 
rich  flavored,  the  flavor  suggesting  that 
of  the  Fte«ny.  Tronja  dates  can  not  be 
eaten  in  large  quantity,  as  their  richness 
soon  cloys,  but  as  a  dessert  fruit  they  are 
very  promising.  They  ripen  in  October. 
Of  this  variety  8  offshoots  were  imported. 
Boo  Fagoos  (p.  101). — ^The  name  (in 
French  orthography,  Bou  Fagous,  or  Feg- 
gouss)  signifies  "  father  of  the  cucum- 
ber."  A  soft  date,  If  to  If  inches  long,  '''"J^TT^^J:^.^^ 
considerably  more  than  one-half  as  wide, 

constricted  near  the  middle  and  widest  toward  the  apex,  maroon  to 
prune  purple  when  ripe,  the  flesh  2J  lines  thick,  the  seed  from  a  little 
more  than  one-half  to  five-eighths  as  long  as  the  fruit,  rather  slender. 
(Fig.  10.)  The  orange-colored  stalks  of  the  fruit  clusters  are 
sharply  curved  and  so  short  that  the  rather  small  bunches  hardly 
extend  beyond  the  leafstalks.  The  foliage  of  this,  as  of  several 
other  of  the  finest  varieties,  is  of  a  light  and  delicate  aspect,  due  in 

this  case  to  the  relatively  few  leaves 

^^^  ^  and  the  narrowness  of  the  leaflets.    The 

v^^ ^  leaves  themselves  are  large  and  wide. 

As  in  the  Deglet  Noor,  they  curve  down- 
ward very  noticeably.  In  color  they 
are  an  unusually  rich  green.  The  spines 
of  the  leafstalks  are  few  and  weak. 
The  offshoots  remain  small  while  at- 
tached to  the  parent  tree,  and  the  Arabs 

fto.  io.-onttines  of  Boo  Fttgoos  seed    advise  that  greater  care  be  taken  to  keep 
and  fruit.  (Natural  dae.)  ^^^jj^  n^oig^;  J^f^gp  removal  and  before 

planting  than  is  necessary  with  most  other  varieties. 

The  variety  is  rather  common,  but  nowhere  abundant,  in  the  oases 
of  the  Jerid,  to  which  it  appears  to  be  confined  in  Tunis,  although 
said  to  occur  also  in  the  Mzab  oases  of  Algeria.  It  is  in  high  repute 
among  the  natives,  being  exported  to  all  parts  of  Tunis  and  Al- 
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geria.  The  large  fruit  is  remarkable  for  its  unusual  shape,  some- 
what like  that  of  some  varieties  of  gherkins,  to  which  it  doubtle^ 
owes  its  Arabic  name.  The  flesh  is  tliick  and  rather  firm,  yet  tender. 
It  is  very  sweet  and  has  a  very  distinctive  and  highly  attractive 
flavor.  It  ripens  late  in  October.  Of  Boo  Fagoos  offshoots  16  were 
imported, 

Tafaz^veen  (p.  101). — (Name  spelled  by  French  writers  "  Tafa- 
zaouine.")  A  soft  date,  2  to  2|  inches  long,  about  two-fifths  as 
wide,  oblong,  tapering  slightly  from  base  to  apex,  briglit  bay  col- 
ored when  rii>e,  the 
skin  conspicuously 
marked  with  short 
linear  scars,  the  flesh 
1^  to  2  lines  thick,  the 
slender  seed  about 
three-fifths  as  long  as 
the  fruit.  (Fig.  11.) 
This  variety  is  com- 
mon in  the  Oued  Soiif. 
in  Algeria,  where  it  is 
considered  one  of  the 
best  dates  of  the  re- 
gion." It  is  also  found 
in  the  Mzab  and  Oued 
Rirh  oases  of  Algeria, 
In  the  Jerid,  where  the 
name  is  jironoiuiced 
"  Tafazwecnt,"  it  is 
extremciy  rare.  The 
handsome  fruit  is  easily  recognized  by  its  long,  narrow  shape,  bright 
bay  wtlor,  and  curiously  marked  skin.  It  is  said  to  ripen  in  Octoljer, 
The  flesh  is  soft  and  translucent,  like  that  of  the  Deglet  Noor.  It  is 
very  sweet  and  of  excellent  flavor,  in  this  respect  somewhat  resem- 
bling Lagoo,  but  superior.  Twenty-one  offshoots  of  this  promising 
variety  were  imported,  of  which  only  one  was  obtained  in  Tunis. 

Ftekmy  (p.  lO(i).— (Name  spelled  by  French  authorities  "  Ftimi.") 
A  soft  date  (PI.  X,  fig,  3),  IJ  to  2  inches  long,  about  one-half  as 
wide,  oblong,  slightly  narrowed  at  both  ends,  dark  purplish  maroon 
when  ripe,  the  surface  shining,  the  flesh  soft  and  sirupy,  about  2 
linos  thick,  the  seed  a  little  more  than  one-half  as  long  as  the  fruit, 
slender.     (Fig.  12.) 

"  See  Jiiil.  8<j,  Rur*;iiu  of  I'Uiut  IiiduMtry,  p.  2C. 


VARIETIES   OF    PRIMARY   IMPORTANC 

The  foliage  of  this  variety  (PL  VII)  is  hixiiriai 
ous  leaves  are  loiig^  wide,  and  crowded  with  long,  I 
color  they  are  decidedly  bluish,  owing  to  the  prt 
white  bloom.  WTien  this  is  rubbed  off,  a  rich,  deep 
appears.  The  spines  are  stout  and  green.  The  do 
stalks  of  the  fruit  clusters  are  shorter,  much  stout 
bent  than  in  the  Deglet  Noor,  so  that  the  bunches  ( 
below  the  crown  of  foliage,  as  in  that  variety.  1 
selves  are  shorter  and  more  crowded  with  fruit* 

This  is  by  far  the  most  abundant  variety  in  the 
prising  probably  at  least  one-third  of  all  the  da 
region.     The  best  fruit  of  this  variety  is  said  to  b 
oasis  of  Kriz  (El  Oudiane).     In  the  Nefzaoua  it 
and  ill  the  oases  near  the  coast  it  is  of  relatively 
In  the  oases  of  eastern  Algeria,  although  geogri 
the  Jerid  and  in  such  close  communication  with 
this  varietv  seems  to  be  little  known, 
although  at  Ourlana,  in  the  Oued  Rirh,  x^^' 

it  is  said  to  occur  under  the  name  of  v 

'' Bou  Aroussa  "  (father  of  the  bride). 
After  the  Deglet  Xoor,  Fteemy  is  the 
variety  most  generally  esteemed  among 
the  natives  of  the  Jerid.  Its  great  im- 
portance is  shown  by  the  fact  that  it  is 
apparentlv  the  only  variety  of  which 
the    fruits    are    differently    designated,  andfn 

according  to  whether  they  are  in  the 
bunch    (halig)    or  detached    (mantoor).     It  is  lai 
other  parts  of  Tunis  and  Algeria  and  even,  it  \\ 
(probably  to  Italy).     It  is  one  of  the  kinds  that  is 
by  the  nomadic  Arabs  who  barter  the  grain  they  v 
region  for  the  dates  of  the  Jerid. 

Although  inferior  in  flavor  to  the  Deglet  No: 
unquestionably  an  excellent  variety,  greatly  exci 
Noor  in  vigor,  rapid  growth,®  early  productiveness . 
The  oblong  fruit  when  ripe  is  of  a  fine  reddish-p; 
contrasts  strikingly  with  the  deep  orange  branch  t 
It  is  very  rich  in  flavor,  extremely  sweet,  and  so  \ 
to  melt  in  the  mouth  when  fresh.     It  can  not   I 


«» Mr  Bernard  G.  Johnson,  who  Is  stationed  at  the  eo(  | 
of  the  Bureau  of  Plant  Industry  and  the  California  c  s 
Mecca,  Cal.,  rei>orted  in  October,  1005,  that  among  the  ; 
planted  there  in  May  of  the  same  year,  those  of  the  Fteen  ; 
ing  signs  of  growth  in  larger  proportion  than  those  of  anj 
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quantity,  however,  withont  cloying.  A  fnrth^  disadTmntage  is  thst 
owing  lo  the  excess  of  sirup  it  contains,  it  becomes  very  sticky,  and 
is  therefore  less  satisfactory  as  a  dessert  fruit  than  the  Deglet  Noor. 
It  is  said  to  be  easily  preserved,  and  the  Fteemy  was  enumerated  at 
Kebili  among  the  seven  best-keeping  sorts.  Fteemy  dat^  sold  at 
Tozer  in  1904  for  about  $1  per  hundred  pounds  on  the  tree,  which 
was  about  two-fifths  of  the  price  then  being  paid  for  Deglet  Noor 
dates.  The  offshoots  are  cheaper  than  those  of  the  Deglet  Noor, 
48  cents  being  the  average  price  of  a  good  offshoot. 

The  offshoots  of  this  variety  are  frequently  allowed  to  grow  up 
around  the  parent  stem,  so  that  at  length  it  is  often  hard  to  distin- 
guish the  original  trunk.  This  is  never  permitted  in  the  case  of  the 
Deglet  Noor,  the  offshoots  of  that  variety  being  always  removed  for 
planting  while  still  quite  small. 

The  habit  of  blossoming  a  second  time,  generally  in  July,  is  more 
characteristic  of  this  than  of  any  other  Tunisian  variety.  The  sec- 
ond-crop dates,  being  unpollinated,  are  seedless  and  remain  small  and 
green.  In  the  autumn  it  is  not  uncommon  to  see  large  clusters  of 
them  overtopping  the  bunches  of  highly  colored  ripe  dates.  They 
remain  upon  the  trees  throughout  the  winter,  and  are  said  to  become 
soft  and  edible  in  May. 

The  Fteemy  variety  is  considered  one  of  the  most  productive,  giv- 
ing a  good  crop  every  year.  Trees  bearing  15  to  20  welt-filled 
clusters  are  frequently  seen,  and  200  pounds  is  by  no  means  an  un- 
usual yield.  The  trees  begin  to  bear  a  considerable  amount  of  fruit 
when  only  five  years  old,  so  that  this  variety  comes  into  bearing  about 
twice  as  rapidly  as  the  Deglet  Noor. 

Fteemy  is  a  late-ripening  variety,  its  fruit  beginning  to  mature 
in  quantity  at  the  same  time  as  the  Deglet  Noor  (about  October  20). 
As  the  dates  can  be  left  on  the  trees  a  long  time  after  they  are  ripe 
without  deterioration,  unless  much  rain  falls,  the  harvest  of  this 
variety  is  generally  postponed  until  after  that  of  the  Deglet  Noor. 
Fteemy  dates  are  generally  the  last  to  be  gathered,  often  remaining 
on  the  palms  until  the  end  of  January. 

In  respect  to  ability  to  withstand  "  alkali "  in  the  soil,  the  pro- 
prietor of  a  garden  in  the  saline  part  of  the  oasis  of  Tozer  told  the 
writer  that  he  considers  this  the  most  resistant  variety,  more  so  even 
than  Kenteeshy.  At  Nefta  the  amins  and  other  agricultural  experts 
ranked  it  among  the  four  most  alkali-resistant  varieties  of  the  oasis. 
At  El  Hamma  also  it  is  regarded  as  one  of  the  three  or  four  most 
resistant  kinds,  provided  it  is  abundantly  irrigated.    Of  this  variety 
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larger  above  than  below  the  middle,  broad  and  rounded  at  the  apex, 
light  bay  or  hazel  brown  when  ripe,  the  flesh  2^  to  3  lines  thick,  firm 
but  tender,  the  seed  about  one-half  as  long  as  the  fruit,  rather  thick, 
irregularly  roughened.  (Fig.  13.)  The  stalks  and  branches  of  the 
fruit  clusters  are  pale  orange.  The  foliage  of  this  variety  is  rather 
light,  and  the  leaves  droop  somewhat  as  in  Deglet  Noor  palms.  The 
.Arabs  say  that  the  foliage  of  the  Areshty  is  greener  than  that  of  the 
Dcg^  Noor.  The  leaflets  are  long,  narrow,  and  rather  sparse.  The 
spines  on  the  leafstalks  are  comparatively  few,  slender,  and  weak. 
The  trunk  is  stout. 

Frequent  in  the  oases  of  the  Jerid,  the  Nefzaoua,  and  Gabes,  but 
nowhere  abundant  in  Tunis.  At  Gabes  the  fruits  are  smaller  and 
duller  colored  than  in  the  Jerid,  and  are  said  not  to  preserve  well. 
Tt  occurs  also  in  Algeria,  at  Biskra,  and  in  the  Oued  Rirh.  This  is 
one  of  the  largest  dates  grown  in  Tunis.  The  fruit  is  generally  egg- 
shaped.    It  ripens  about  the  middle 

of  October,  but  is  considered  by  the 

natives  to  be  at  its  best  before  it  is 

perfectly    mature,    although    to    an 

American  palate  it  would  doubtless 

be  preferable  when  ripe.    The  flavor 

of  the  thoroughly  ripe  fruit  is  agree- 
able, although  not  very  remarkable. 

While  not  as  rich  and  sweet  as  the 

Boo  Affar  (see  p.  66),  it  is  whole- 

some,  nut-like,  and  not  easily  cloying.   '^^  ''-^:^^'^,^Z'^  ""^ 

The  flesh  becomes  quite  firm  and  the 

ripe  fruit  keeps  its  shape  well  when  preserved.    Thirteen  Areshty 

offshoots  were  imported. 

DBY   DATES. 

HoRRA  (p.  98). — The  name  is  also  spelled  Hourra,  Harra,  and 
Herra,  and  means  "  pure "  or  "  noble."  A  dry  date  (PL  X,  fig. 
1),  about  2  inches  long,  about  one-half  as  wide,  ovate,  narrowed  from 
the  base  to  the  rounded  apex,  rather  dull  purplish  maroon  when  ripe, 
the  flesh  2  to  2^  lines  thick,  with  its  white  central  zone  much  thicker 
than  the  dark  outer  portion,  the  seed  usually  about  one-half  as  long 
as  the  fruit  (Fig.  14.)  The  stalks  and  branches  of  the  fruit  clus- 
ters are  orange  yellow.  The  leaves  are  large,  with  very  numerous 
slender  leaflets. 

This  variety,  which  also  occurs  in  Algeria — at  Biskra  and  in  the 
Oued  Rirh — is  frequent  in  the  Jerid  and  abundant  in  the  Nefzaoua, 
where,  the  Deglet  Noor  not  being  grown,  it  is  generally  esteemed  as 
the  finest  variety.    At  Gabes  there  are  a  few  trees,  but  the  variety 
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does  not  thrive  well  so  near  the  sea.  The  fruit  is  the  largest  and 
finest  produced  by  any  variety  of  the  dry  date  class.  This,  indeed, 
can  be  regarded  as  a  connecting  link  between  the  dry  dates  and  some 
of  the  firm-fleshed  type  of  soft  dates  (Khalt  Horraowia,  Khali  Mooa- 
shem,  etc.).  Horra  dates  ripen  in  September  and  October.  The 
flesh  becomes  quite  solid  in  the  ripe  fruit,  but  is  never  extremely 
hard  and  dry.  It  has  the  characteristic  nutty  flavor  of  the  dry  dates, 
but  is  much  richer  than  most  of  them.  It  is  at  its  best  only  when 
perfectly  mature.  Europeans  who  are  acquainted  with  this  date 
praise  it  highly.  Du  Paty  de  Clam  ^  pronounces  it  a  "  rival  of  the 
Deglet  [Noor]."  The  commandant  of  the  French  garrison  at  Kebili 
likes  it  better  than  the  Deglet  Noor,  and  gives  it  the  preference  over 
all  other  varieties  for  planting  in  his  garden.  Not  only  is  it  highly 
esteemed  by  the  natives,  but  it  is  said  to  be  exported  to  Europe  and 

even  to  France.  The  caid  of  Kebili 
ranks  it  among  the  seven  best-keep- 
ing varieties  of  the  Nefzaoua.  It  is 
a  medium  early  sort,  ripening  in  the 
latter  part  of  October.  The  palms 
have  not  a  very  vigorous  look,  yet 
they  appear  to  be  resistant  to  alkali 
in  the  soil  and  to  thrive  with  less 
irrigation  than  such  varieties  as 
Deglet  Noor  and  Fteemy.  Forty- 
eight'  offshoots  of  this  variety  were 
imported.  Nearly  all  of  these  were 
obtained  in  the  Nefzaoua,  as  in  the  Jerid  offshoots  are  scarce  and  the 
natives  are  reluctant  to  part  with  them. 

Kenta  (p.  97).— A  date  of  the  dry  type  (PL  X,  fig.  2),  IJ  to  If 
inches  long,  about  one-half  as  wide,  narrow^ed  from  the  middle  or 
above  it  to  the  broad  apex,  dull  bay  colored  when  ripe,  much  of  the 
skin  loosened  in  large  blisters  in  the  ripe  fruit,  the  flesh  1^  to  2  lines 
thick,  the  seed  somewhat  more  than  one-half  as  long  as  the  fruit, 
rounded  at  both  ends,  light  brown.  (Fig.  15.)  The  leaves  of  this 
variety  are  rather  broad,  with  numerous  long,  narrow  leaflets.  The 
long  leafstalks  are  spiny  only  near  the  base.  The  light  orange  stalks 
of  the  fruit  clusters  are  stout  and  horizontal  or  ascending,  and  so 
short  that  with  the  bunches  they  do  not  equal  the  leafstalks.  The 
clusters  themselves  are  short,  thick,  and  densely  crowded  with  fruit. 

This  is  one  of  the  most  highly  esteemed  and  most  widely  grown  of 
the  dry  dates  found  in  Tunis,  and  is  said  also  to  occur  in  Algeria. 
While  abundant  in  the  Jerid,  it  is  relatively  much  more  important 


Fio.  14.— Oatlines  of  Horra  seed  and 
fruit.    (Natural  size.) 


o  Etude  siir  lo  Djerid,  lUil.  GCny^r.  Hist,  et  Dcser.,  No.  3  (1803). 
issueil  in  1804,  p.  12. 
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in  the  Nefzaoua.  One- fourth  of  the  palms  in  the  oasis  of  Kebili  are 
said  to  be  of  this  variety,  and  the  French  commandant  there  has 
selected  it,  together  with  Horra  (see  p.  71),  for  planting  in  his  garden. 
It  is  also  very  important  at  Gabes,  where  it  is  ranked  among  the  six 
best  kinds  of  the  region.  The  fruit  is  of  medium  size  and,  as  indi- 
cated in  the  key  (p.  97),  is  remarkable  among  the  dry  dates  for  the 
manner  in  which  the  skin  becomes  loosened  into  large  blisters,  which 
is  usually  a  peculiarity  of  the  soft  dates  rather  than  of  the  dry  dates. 
The  flesh  is  rather  thin  and  becomes  quite  firm,  although  not  very  dry, 
in  the  perfectly  ripe  fruit.  The  surface  is  clean  and  dry,  even  when 
the  fruit  is  quite  ripe.  It  is  not  sirupy,  although  pleasantly  sweet, 
and  can  be  eaten  in  quantity  without  cloying.  The  flavor  is  very 
agreeable,  wholesome,  and  of  the  nutty  quality  characteristic  of  most 
dry  dates.  Dates  of  this  type,  if  extensively  grown  in  this  country, 
might  become  an  important  element  in  the  diet  of  those  who  prefer 
vegetable  to  animal  food.<»  Fruit  of  this  variety  is  said  to  sell  on  the 
trees  at  $1.12  to  $1.20  per  hundred  pounds, 
a  little  less  than  one-half  the  selling  price 
of  Deglet  Noor  dates. 

The  Kenta  date  is  one  of  the  best  in  keeping 
quality  of  the  dry  dates,  retaining  its  shape 
perfectly  and  never  becoming  extremely 
hard,  as  do  most  of  that  class.  At  Gabes 
it  is  preserved  in  earthenware  jars,  and  is 
said  by  the  amins  (agricultural  experts)  to 

,  ^xi^         L^i  T       i.  xi         Fio.  15.-OutUnes  of  Kenta  seed 

be  one  of  the  two  best  keeping  sorts  of  the  and  fruit.  (Natural  siie.) 
region.  One  of  the  amins,  wishing  to  em- 
phasize its  importance  as  a  staple  article  of  food,  likened  it  to 
wheat  or  barley  and  the  soft  dates  to  confectionery.  The  caid  of 
Kebili  cited  it  among  the  seven  best-keeping  varieties.  It  is  an  im- 
portant article  of.  commerce  between  the  inhabitants  of  the  oases  and 
the  natives  of  other  parts  of  Tunis  and  Algeria,  and  is  said  even  to  be 
exported  from  the  Nefzaoua  to  Europe  (probably  to  Italy). 

Kenta  is  a  comparatively  early  ripening  variety,  maturing  in  the 
Jerid  about  the  middle  of  October  and  perhaps  earlier.  Its  fruits, 
like  those  of  others  of  its  type  (e.  g.,  xVngoo  and  Eemta),  are  said  to 
be  less  liable  than  the  soft  dates  to  be  spoiled  if  rain  f alts  upon  them 
when  in  the  ripening  stage.  At  Gabes  it  is  regarded  as  one  of  the 
two  most  productive  varieties.  It  is  said  to  give  an  abundant  crop 
every  year.  In  the  Jerid  many  trees  are  pointed  out  as  yielding  330 
pounds  of  fruit.  M.  Minangoin  mentions  a  tree  at  El  Oudiane  that 
is  said  to  produce  770  pounds,  and  also  trees  at  Kebili  at  least  200 
years  old  that  still  yield  205  pounds  of  fruit  annually. 

flAs  suggested  by  Mr.  O.  F.  Cook.    See  Bui.  53,  Bureau  of  Plant  Industry,  p.  31. 
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In  the  Jerid,  Kenta  is  said  to  be  the  most  salt-resistant  variety  in 
high-lying,  well-drained  land.     At  Gabes,  on  the  other  hand,  it  i-;  ! 
cited  as  the  only  variety  that  is  not  salt  resistant;  but  this  may  be 
because  roost  of  the  saline  land  of  the  oases  is  low  and  badly  drainei 

Forty-three  offshoots  of  this  variety  were  in^cNrtod^  the  great  major- 
ity  of  which  were  obtained  in  the  Nefzaoua  oases. 

VARIETIES  OF  8BOON1>ARY  IMPOSTANGE. 

DBT  DATES. 

Angoo  (p.  97). — Fruit  barely  1  inch  long,  about  seven-tenths  as 
wide,  sometimes  broadest  below,  sometimes  above  the  middle,  bright 
bay  colored  when  ripe,  much  of  the  skin  becoming  loosened  in  large 
blisters,  the  flesh  a  little  more  than  1  line  thick,  becoming  firm  and 
dry,  the  white  central  portion  thicker  than  the  dark-colored  outer 
zone,  the  seed  about  two-thirds  as  long  as  the  fruit,  about  one-half 

as  wide  as  long,  light  (drab)  brown,  (Fig.  Id.) 
The  stalks  of  the  fruit  clusters  are  lemon  vellow 
(not  orange).  The  branches  of  the  clusters  are 
very  densely  crowded  with  the  small  fruits,  whid 
hang  on  persistently  after  ripening  instead  of  be- 
coming easily  detached. 

This,  the  smallest  fruited  of  the  Tunisian  vari- 
eties, is  found  apparently  only  in  the  Jerid,  and  is 
^'Lglo'^^l^d    ^^^  known  as  El  Hamma.     It  appears  to  be  no- 
fruit.  (Natural     where  commou.    Despite  its  diminutive  size  and  thin 
^^^'^  flesh,  this  little  date  is  one  of  the  most  attractive  of 

the  dry  type.  Because  of  its  moderately  sweet,  nutty,  wholesome 
flavor  it  can  be  eaten  in  large  quantity  without  cloying,  and  ^ould 
be  a  healthful  food.  Like  Kenta  (see  p.  72),  it  is  exceptional  among 
the  dry  dates,  because  its  skin  becomes  loosened  into  blisters  over 
much  of  the  surface  of  the  fruit.  The  fruits  are  said  to  be  little  in- 
jured by  autumn  rains.  They  ripen  in  midautumn,  keep  well,  and 
are  much  sought  by  the  nomads  of  other  parts  of  Tunis  and  Algeria. 
Of  this  variety  ten  offshoots  were  imported. 

TiiABY  (p.  98). — The  name,  which  means  "  golden,"  is  also  written 
"  Dzhabi,"  and  is  sometimes  pronounced  as  if  spelled  Derby."  Fruit 
IJ  inches  or  slightly  longer,  about  one-half  as  wide,  oblong,  often 
slightly  constricted  a  little  above  the  base,  somewhat  pointed  at 
apex,  bright  reddish  brown  when  ripe ;  the  flesh  1  to  1|  lines  thick, 
rather  tough,  the  dark-colored  outer  zone  apparently  much  thicker 

oA  variety  called  El  Darbia,  described  as  having  a  "green,  dry   fruit  of 
medium  size,"  occurs  in  Algeria. 
02 
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Pio.  17.— Ontllnee  of  Tbaby  seed 
and  fruit.    (Nataral  size.) 


than  the  white  inner  portion;  seed  about  three-fifths  as  long  as  the 
fruit,  rather  slender.  (Fig.  17.)  The  stalks  and  branches  of  the 
fruit  clusters  are  rich  orange  colored. 

This  variety  appears  to  be  confined  to  the  Jerid,  and  to  be  by  no 
means  common  there.  It  is  one  of  the  handsomest  of  the  dry  dates, 
and  one  of  the  most  attractive  when  preserved,  keeping  perfectly  its 
shape  and  its  beautiful  warm,  reddish  brown  color.  Unlike  most  of 
the  dry  dates,  in  this  variety  the  comparatively  soft  and  dark  part 
of  the  flesh  is  thicker  than  the  firm,  white 
core.  It  has  an  agreeable,  wholesome 
flavor,  and  can  be  eaten  in  quantity  with- 
out cloying  It  matures  in  October.  Of 
the  Thaby  variety,  fifteen  offshoots  were 
imported. 

Lemsy  (p.  99).  Fruit  IJ  to  If  inches 
long,  about  one-half  as  wide,  elliptical  in 
outline,  not  conspicuously  narrowed  to  the 
apex,  often  slightly  curved,  dull  purplish 
maroon  when  ripe;  the  flesh  1  to  2  lines  thick,  becoming  very  firm 
and  dry ;  the  seed  about  two-thirds  as  long  as  the  fruit,  generally  one- 
third  as  wide  as  long.  (Fig.  18.)  The  branches  of  the  fruit  clusters 
are  orange  colored. 

This  variety  is  said  to  be  known  in  the  Nefzaoua  as  Halooa  Hamra. 
It  is  common  at  Gabes  and  in  the  Nefzaoua,  but  is  apparently  want- 
ing in  the  Jerid.  It  is  a  small,  thin-fleshed,  dry  date,  sometimes  pre- 
served, but  usually  eaten  fresh  and  even 
before  it  is  perfectly  ripe,  as  the  flesh  soon 
becomes  dry  and  hard.  It  is  deliciously 
sweet  and  has  a  fine  flavor,  tasting  some- 
what like  a  chestnut.  At  Gabes,  where  it 
is  regarded  as  a  great  delicacy,  it  is  said  to 
mature  at  the  end  of  August,  at  the  same 
time  as  Ammary  (see  p.  87).  Of  Lemsy 
two  offshoots  were  imported. 

Halooa  Bayda  (p.  99). — ^Also  spelled 
'  Halouaia,"  which  designates  the  palm,  "  Halooa  "  referring  to  the 
fruit  itself.  The  name  means  "white  sweetmeat.'*  Fruit  li  to  1^ 
mches  long,  about  one-half  wide,  elliptical  in  outline,  not  con- 
spicuously narrowed  at  the  apex,  widest  near  the  middle,  dull  pur- 
plish bay  when  ripe;  the  flesh  1  to  IJ  lines  thick,  becoming  very  firm 
and  dry;  the  seed  about  seven-tenths  as  long  as  the  fruit  and  one- 
third  to  two-fifths  as  wide  as  long.  (Fig.  19.)  The  branches  of  the 
fruit  clusters  are  pale  orange. 
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Fio.  18.— Outlines  of  Lemsy  seed 
ftndfrnit.    (Nataral  alee.) 


Fig.  10.>-Outlines  of  Halooa 
Bayda  seed  and  fruit. 
(Natural  size.) 


Nefzaoua.  The  Halooa  of  the  Algeriai|_  oase:^ 
appeal's  to  be  distinct  (see  p.  99).  It  isjnucli 
like  the  Ijemsy  (see  p.  75),  but  the  fruit  is  even 
smaller.  It  ripens  rather  early  (Octol>er  10, 
according  to  Masselot),  and  is  generally  eaten 
fresh,  becoming  hard  and  dry  when  preserved. 
Because  of  their  simple,  wholesome  flavor  and 
not  excessive  sweetness,  the  writer  found  it 
possible  to  eat  dates  such  as  I^emsy  and  Halooa 
Bayda  much  more  fi'eely  than  the  ri<;h,  sirupj 
kinds.     Offshoots  of  this  variety  to  the  number 


of  24,  mostly  obtained  in  the  Nefzaoua,  were  imported. 


SOFT   DATES. 


MoKii  Beo.ry  (p.  100). — French  orthography,  Moukh  Be^i.  The 
name  signifies  "  the  brain  of  an  ox."  Fruit  (PI.  X,  fig.  4)  IJ  to  U 
inches  long,  about  three-fourths  as  wide,  broadest  at  the  base  and 
narrowed  thence  to  the  broad  rounded  apex,  flattened  on  the  sides. 
})right  bay  colored  when  ripe;  the  flesh  very  soft,  about  IJ  lines  thick, 
rather  dark  colored,  translucent;  the  seed  light  brown,  one-half  to 
two-thirds  as  long  as  the  fruit,  about  twice  as 
long  as  wide,  rounded  at  both  ends*  (Fig.  20.) 
The  stalks  and  branches  of  the  fruit  clusters 
are  light  orange. 

This  is  an  extremely  rare  and  much  esteemed 
variety,  apparently  occuring  only  in  the  Jerid 
oases.  The  trees  are  said  not  to  bear  heavily. 
The  dates  are  rather  small  and  have  an  unusual 
shape.  The  translucent  flesh  is  very  soft.,  but 
the  fruit  is  said  to  preserve  well.  It  is  very 
sweet  and  of  delicious  flavor,  resembling  and 
perhaps  equaling  the  Deglet  Noor.  The  fruits 
ripen  in  the  latter  part  of  October.  After  a  thorough  search  only 
two  offshoots  could  be  procured  for  importation. 

Baydii  Ham  mam  (p.  100). — The  name  means  "pigeon  egg.'''  Fruit 
1§  to  1:]  inches  long,  three-eights  to  five-eighths  as  wide,  egg-shaped, 
broadest  near  the  middle,  rather  conspicuously  blunt  pointed  at  apex, 
not  keeping  its  shape  well,  dark  chestnut  brown  with  a  tinge  of 
maroon  when  ripe;  the  flesh  very  soft  and  dark  colored,  alx>nt  :i 
lines  thick;  the  seed  one-half  to  five-eighths  as  long  as  the  fruit,  one- 
third  to  two-fifths  as  wide  as  long,  dark  brown.  (Fig.  21.)  The 
stalks  and  branches  of  the  fruit  clusters  are  orange  colored.     The 
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FiQ.  20.— OatUnes  of  Mokb 
Begry    seed    and    Cmit. 

(Natural  aiae.) 
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Fio.  21.— Outlines  of  Baydli  Ham- 
mam  seed  and  fruit.    (Natural 

size.) 


foliage  is  of  a  rather  delicate  aspect  and  the  leaves  numerous,  the 
leatlets  long,  narrow,  and  rather  sparse. 

This  is  a  handsome  dark-brown  date,  with  ver^^  soft  dark-colored 
Jesh.  It  is  always  eaten  fresh,  not  being  conservable.  It  is  exceed- 
ingly sweet.  The  flavor  of  the  perfectly  ripe  fruit  is  agreeable  and 
rery  characteristic,  resembling  that  of  Tozer  Zaid  Safra  (see  p.  85). 
Fo  the  writer's  taste,  however,  it  is  far  less  attractive  than  that  of 
:he  Deglet  Noor  type  or  even  of  the  dry 
iates,  and  it  very  soon  cloys.  The  natives 
jst-eem  it  highly,  as  is  shown  by  the  fact 
that  in  harvesting  the  Bavdh  Hammam 
the  clusters  are  carefully  passed  from 
hand  to  hand  down  the  trunk,  instead  of 
being  dropped  to  the  ground  by  the  man 
who  cuts  them.  The  Baydh  Hammam  is 
common  in  the  Jerid,  and  is  said  to  occur 
also  in  the  Nefzaoua,  as  well  as  in  Al- 
geria (Biskra  and  Oued  Rirh).  It  rip- 
ens rather  late,  hardlv  before  November. 
Of  this  variety  20  offshoots  were  imported,  all  from  the  Jerid. 
KsEBA  (p.  100). — (Kessebi  is  probably  another  spelling  of  the  same 
name.)  Fruit  about  1^  inches  long,  two-thirds  as  wide,  ovate  or  oblong 
ovate,  widest  below  the  middle,  purplish  maroon  or  bay  when  ripe ;  the 
flesh  2  to  2^  lines  thick,  firm  3'et  tender;  the  seed  very  nearly  two- 
thirds  as  long  as  the  fruit,  two-fifths  as  wide  as  long,  russet  brown. 
(Fig.  22.)     The  branches  of  the  fruit  clusters  are  deep  orange.    The 

foliage  is  characterized  by  having  few  spines, 
and  these  are  slender  and  weak. 

This  varietv  is  rare  in  the  Jerid,  but  in 
the  Nefzaoua,  at  Gal>es,  and  at  Gafsa  it  is 
one  of  the  most  important  sorts.  A  date  of 
,the  same  name,  described  as  a  soft  date,  and 
possibly  identical,  occurs  in  the  Oued  Rirh 
oases  of  Algeria.  The  fruit,  which  pre- 
serves well,  is  very  sweet  and  well  flavored, 
in  the  latter  respect  being  intermediate  be- 
tween Horra  and  Lagoo  (see  pp.  71  and  80). 
The  Kseba  variety,  which  ripens  easily  at  Gafsa  (see  p.  20),  may  be 
found  valuable  for  regions  where  the  temperatures  are  not  sufficiently 
high  to  mature  the  Deglet  Noor  and  other  choice  sorts.  Its  fruits 
ripen  in  October.     Offshoots  to  the  numbet-  of  15  were  imported. 

DooNGA  (p.  101). — Sometimes  spelled  "  Denanga."**    Fruit  a  little 
more  tha6  1^  inches  long,  six-tenths  to  seven-tenths  as  wide,  egg- 


Pia.  22,.— Outlines  of  Kseba  seed 
and  fruit.    (Natural  size.) 


-rp- 


o  The  "  Dengui  "  variety  found  at  Gabes  is  a  different  date. 
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shaped,  broadest  near  the  base,  dull  dark  purplish  maroon  when  ripe; 
the  flesh  1^  to  2  lines  thick,  the  firm  white  central  portion  nearly  as 
thick  as  the  soft,  dark  outer  zone;  seed  small  and  thick,  only  about 
one-half  as  long  as  the  fruit  and  about  one-half  as  wide  as  long, 
narrowed  at  both  ends.  (Fig.  23.)  The  stalks  and  branches  of  Hm 
fruit  clusters  are  light  orange. 

This  variety,  which  is  one  of  the  most  highly  esteemed  and  fre- 
quently planted  in  the  Nefzaoua,  does  not  appear  to  be  found  in  the 
Jerid.  It  is  a  dark-colored,  rather  small  date,  with  moderately  amti^ 
dark-colored  flesh,  and  with  a  clean,  dry  skin.  It  is  very  sweet  and 
of  a  fine  flavor,  suggesting  that  of  the  Deglet  Noor.  The  number  of 
Doonga  offshoots  imported  was  10,  all  from  the  Nefzaoua. 

Besser  Haloo  (p.  101). — Also  spelled  "  Bisra  Haloua."  The  name 
means  a  sweetmeat  (haloo)  that  is  eaten  just  before  it  is  thoroughly 
ripe  (besser).  Fruit  1^  to  1^  inches  long,  about  two-thirds  as  wide, 
broadest  at  or  above  the  middle,  rounded  at  the  apex,  keeping  its 
shape  well  when  ripe,  bright  bay  colored ;  the  flesh  2  lines  thick,  c<wi- 
paratively  dry  when  the  fruit  is  ripe,  light  brown ;  the  seed  two-thirds 

to    three-fourths    as 

long    as    the    fruit. 

generally     two-fifths 

as     wide     as     long, 

with    more    or    less 


conspicuous  w  1  n  g  - 
like  ridges  on  the 
sides.  (Fig.  24.) 
The  leaves  are  short 

PiQ.  23.-Outiine6  of  Doonga       and  rather  stiff,  with      FiQ.  24.— OatUnes  of 

8^^  and   fruit.    (Natural     comparatively    short       S;J;^"^'*^**  ^^••^ 

stalks  and  wide  leaf- 
lets.    The  spreading  or  ascending  stalks  of  the  fruit  clusters  are  so 
short  that  the  small  bunches  are  nearly  hidden  by  the  foliage. 

This  is  a  common  and  highly  esteemed  variety  in  the  Jerid,  and  is 
said  to  be  found  also  in  the  Nefzaoua,  as  well  as  at  Biskra  and  in  the 
Oued  Rirh,  in  Algeria.  It  is  one  of  the  kinds  that  is  most  sought  by 
the  nomads  of  the  interior,  who  come  to  the  oases  in  the  autumn  to 
exchange  their  grain  for  dates.  It  is  a  small,  light-colored  date,  with 
thick,  comparatively  firm  flesh.  It  is  very  sweet  and  has  an  agree- 
able flavor,  somewhat  intermediate  between  that  of  Lagoo  (p.  80)  and 
that  of  Horra  (p.  71).  The  natives  seem  to  prefer  it  when  not  per- 
fectly ripe.  It  matures  early  in  October.  According  to  informati<» 
obtained  by  M.  Minangoin,  it  yields  a  good  crop  every  year  and  is 
one  of  the  six  most  productive  varieties  of  the  Jerid.  At  Nefta  the 
amins  (see  p.  32)  rank  it  among  the  four  most  salt-resistant  varieties 

92 


VABIBTIES   OF   SECONDARY   IMPOBTAMCB. 

of  the  oasis.     Of  this  variety  18  offshoots  were  importei 
Jerid, 

Okht  Fteemy  (p.  102). — The  French  orthography  is 
The  name  means  "  sister  of  Fteemy,"  this  variet; 
sembling  Fteemy  in  its  trunk  and  foliage  characters,  a^ 
fruits.  Fruit  2  to  2^  inches  long,  about  two-fifths  as 
straight,  somewhat  pointed  at  the  apex,  deep  purplish 
ripe,  the  surface  shining;  the  flesh  2J  to  3  lines  thick, 
lender,  about  one-half  as  long  as  the  fruit,  less  thai 
wide  as  long,  dark  brown,     (Fig.  25.)     The  stalks  an 

the  fmit  clusters  are  rich  orange.  

The  numerous  leaves  are  long  and 
broad,  crowded  with  long  leaflets. 
The  many  fruit  clusters  are  short- 
stalked  and  almost  hidden  by  the 
foliage. 

This  variety  appears  to  be  con- 
fined to  the  Jerid,  being  especially 
abundant  at  Nefta,  where  it  is  pre- 
ferred to  Fteemy,  while  at  Tozer  '^^  '"'"" 
the  latter  is  better  liked.  The  very  handsome  fruit 
more  slender  than  that  of  Fteemy  (p.  68),  and  is  oftei 
ored,  but  is  otherwise  very  similar.  In  regard  to  fla> 
could  detect  no  di 
though  very  soft  ari 
fruits  preserve  well, 
being  enumerated  by 
nmong  the  seven  best 
The  fruits  are  said  i 
mast  in  demand  bi 
from  other  parts  of 

who  obtain  their  su 

Pio.ai._onmMoo(Rh«rB«ed«idrriUt.     in   the   Jerid,   and    . 

4  measures    (about 
wheat  for  9  measures  (about  5^  pecks)  of  dates  of  this 
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and   is  exported  throughout  Tunis  and  Algeria.    Of  this  variety 
23  offshoots  were  imported. 

Zekky  (p.  103).— Also  spelled  "  Zechri."  Fruit  1^  to  nearly  1§ 
inches  long,  about  one-half  as  wide,  inversely  egg-shaped,  keeping 
its  shape  fairly  well  when  preserved,  bay  to  maroon  when  ripe;  the 
flesh  about  1^  lines  thick,  moderately  soft ;  the  seed  between  one-half 
and  two-thirds  as  long  as  the  fruit,  about  two-fifths  as  wide  as  long. 
(Fig.  28.)  The  stalks  and  branches  of  the 
fruit  clusters  are  orange  colored. 

This  variety,  infrequent  in  the  Jerid,  is 
conimon  in  the  Nefzaoua,  where  it  is  in 
high  repute.  AMien  perfectly  ripe  the 
flesh,  although  ratfcer  thin,  is  soft  and  very 
sweet.  The  flavor  is  characteristic,  sug- 
gesting both  chestnuts  and  persimmons. 
The  palms  are  said  to  yield  heavily.  Of 
this  interesting  variety  11  offshoots  were  ^'°^7^^'^:l^'ZT 
imported,  all  from  the  Nefzaoua. 

KnALT  MooASHEM  (p.  104). — The  name  means  "  tattooed  Khalt."'' 
Fruit  If  to  nearly  2  inches  long;  about  one-half  as  wide,  egg-shaped, 
narrowed  from  about  the  middle  to  the  rounded  apex,  keeping  its 
shape  perfectly  when  preserved,  dark  prune  purple  when  ripe,  the  skin 
mostly  adhering  very  closely  to  the  flesh,  conspicuously  marked  with 
transverse  and  longitudinal  scars  (hence  the  name) ;  the  flesh  about 

2  lines  thick,  firm  yet  tender;  the  seed 
alx)ut  one-half  as  long  as  the  fruit, 
nearly  one-half  as  wide  as  long,  broad- 
est near  the  middle,  light  brown,  rough. 
(Fig.  29.)  The  branches  of  the  fruit 
clusters  are  bright  orange. 

A  rare  variety  of  the  Jerid.     The 
excellent  fruit  is  characterized  bv  its 

ft/ 

dark    prune    color,    curiously    scarred 

skin,    copious   flesh,    and    very    sweet, 

Pio.  ».-outiines  of  Khait  Mooashem     highly  attractive  flavor.     It  apparently 
aeed  and  fruit.  (Natural  size.)  ^^^.^^    perfectly.      Thirteen    offshoots 

were  imported. 
Khalt  Deglaowia  (p.  104). — The  name  signifies  "  Khalt  resem- 
bling a  Deglet  (Noor)."  Fruit  Ig  to  1$  inches  long,  about  one-half 
as  wide,  egg-shaped,  narrowed  from  about  the  middle  to  the  rounded 
apex,  keeping  its  shape  well  when  preserved,  dark  maroon  purple 
when  ripe,  much  of  the  skin  loosened  into  soft  blisters,  the  flesh 

« Although  the  word  "khalt"  is  generally  dofincHl  as  moaning  a  dry  date, 
most  of  the  "  khatts  "  of  the  Jorld  oases  which  have  received  special  names  are 
Boft  dates  and  often  of  ex(*ellent  quality. 
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about  2  lines  thick,  firm  yet  tender ;  the  seed  about  two-fifths  as  long 
as  the  fruit,  about  one-third  as  wide  as  long,  cinnamon  brown.  ( Fig. 
30.)  The  stalks  and  branches  of  the  fruit  clusters  are  light  yellov 
(not  orange). 

This  variety  occurs  apparently  only  at  Nefta,  and  is  not  common 
there.  The  fruit  is  rather  small,  with  fairly  thick,  firm  flesh.  The 
fine  flavor  suggests  that  of  the  Deglet  Noor,  which  it  resembles  also 
in  the  shape  of  the  fruit  and  the  maize-yellow  color  of  the  branches  of 
the  clusters.  Of  this  rare  variety  only  two  offshoots  could  be  pro- 
cured. 

KiiALT  HoRUAowiA  (p.  105). — The  name  means  "  Khalt  resembling 
Horra."  Fruit  1|  to  over  2  inches  long,  narrowed  from  near  the 
base  to  the  somewhat  pointed  apex,  keeping  its  shape  well  when 
preserved,  dark  maroon  purple  when  ripe;  the  flesh  2  to  3  lines  thick, 
firm  yet  tender,  very  sugary ;  the  seed  about  one-half  as  long  as  the 
fruit,  about  one-third  as  wide  as  long.     (Fig.  31.)     The  branches 


<r-:> 


Fio. :«.— OutUnoH  of  Khalt  Dogl»- 
owia  seed  and  fruit.    (Natural  ^»«-  81.— Outlines  of  Khalt  Homtowia 

size. )  aeed  and  fruit.    (Natural  size. ) 

of  the  fruit  clusters  are  orange  colored.    The  crown  of  foliage  is 
well  developed,  the  leaves  large  and  the  leaflets  long  and  numerous. 

A  fine  variety  of  the  Jerid,  by  no  means  common.  The  large,  hand- 
some fruit  somewhat  resembles  that  of  Horra  (see  p.  71),  both  in 
appearance  and  flavor.  The  flesh  is  copious,  firm  yet  tender,  and 
contains  a  great  deal  of  sugar.    Six  offshoots  were  obtained, 

VARIETIES  OF   MINOR  IMPORTANCE. 
DRY   DATES. 

Bayjoo  (p.  07). — French  orthography,  Badjou.  Fruit  IJ  inches 
long,  about  two-thirds  as  wide,  egg-shaped,  purplish  maro<m  or  bay 
colored  when  ripe;  the  flesh  1^  lines  thick;  the  seed  nearly  two-thirds 
as  long  as  the  fruit,  one-half  as  wide  as  long,  light  brown.  ( Fig.  3*2.) 
The  stalks  and  branches  of  the  fruit  clusters  are  pale  orange  colored. 
The  leaves  are  numerous,  short  but  with  long  stalks  and  rather  stiff, 
the  leaflets  long  and  broad  but  rather  sparse.  The  small,  dense 
bunches  of  fruit  hang  down  on  long  curved  stalks, 
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Fio.  32.— OatlinoB  of  Bayjoo 
seed  and  fruit.  (Natural 
size.) 


Abundant  iii  the  Jerid,  and  occurs  also  in  the  Nefzaoua.  It  is  one 
of  the  varieties  most  widely  exported  to  other  parts  of  Tunis  and 
Algeria.  Flavor  nutty,  agreeable,  but  not  very  characteristic,  typ- 
ical of  the  dry  date  class.  Matures  in  October  (the  20th,  according 
to  Masselot).     Number  of  offshoots  imported,  7,  all  from  the  Jerid. 

Kemta  (p.  98). — Also  spelled  Remtsa  (probably  a  misprint). 
Fruit  1^  to  If  inches  long,  about  one-half  as  wide,  oblong,  somewhat 
pointed  (bluntly)  at  the  apex,  generally  distinctly  constricted  a  lit- 
tle above  the  base,  dark  maroon  colored  when 
ripe;  the  flesh  about  1  line  thick,  rather 
tough;  the  seed  one-half  to  two-thirds  as 
long  as  the  fruit,  a  little  less  than  one-half 
as  wide  as  long.  (Fig.  33.)  The  stalks  and 
branches  of  the  fruit  clusters  are  bright 
orange. 

Occurs  in  the  Jerid,  especially  at  El  Ham- 
ma,  but  appears  to  be  uncommon.  Is  readily 
distinguished  from  other  dry  dates  by  being 
generally  distinctly  constricted  a  little  above 
the  base;  hence  resembling  Boo  Fagoos  (see  p.  67)  in  shape*  Flesh 
firm,  moderately  sweet,  with  an  agreeable  flavor  resembling  that  of 
Thaby  (see  p.  75),  to  which  this  variety  appears  to  be  closely  related. 
Said  to  ripen  early  (in  October)  and  not  to  be  injured  by  autumn 
rains.    Number  of  offshoots  imported,  10. 

Hamra  (p.  98). — ^The  name  means  "red."  Sometimes  called 
Hamraia    (referring   to   the   tree    rather    than   the    fruit).**    Fruit 

IJ  to  2  inches  long,  about  one-half  as 
wide,  egg-shaped,  tapering  from  near  the 
base  to  the  rounded  apex,  bright  pur- 
plish maroon  when  ripe,  the  coloi-s  very 
handsome ;  the  flesh  1  to  3  lines  thick,  be- 
coming quite  firm,  the  dark-colored  outer 
zone  thicker  than  the  white  central  por- 
tion; the  seed  two-thirds  to  four-fifths 
as  long  as  the  fruit,  generally  about  two- 
fifths  as  wide  as  long,  sometimes  with 
strongly  developed  wing-like  ridges  on 
the  sides.  (Fig.  34.)  The  stalks  and  branches  of  the  fruit  clusters 
are  orange  colored. 

Fairly  common  in  the  Jerid  and  the  Nefzaoua,  occurring  also  in 
Algeria.  Is  one  of  the  largest  and  most  showy  of  the  dry  dates. 
Much  resembles  Horra  (see  p.  71)  and  surpasses  it  in  brightneas  of 

« Hamra  Bischry  (or  Bochry)  is  said  by  some  of  the  natives  of  tlie  Jerid 
to  be  identical  with  Ilanira,  although  described  in  Algeria  as  a  soft  date.  The 
'*Hamraya  "  Qt  the  Mzab  oaseg  i9  also  described  as  a  soft  date. 


Fiu.  83.— Outlinee  of  Remta  Hoed 
and  fruit    (Natural  size. ) 
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color,  but  is  decidedly  inferior  to  it  in  flavor.  Eipens  in  the  latter 
part  of  October  and  the  beginning  of  November.  Is  not  much 
esteemed  by  the  natives.  Said  to  keep  well,  having  been  enumerated 
at  Kebili  among  the  seven  best  preserving  sorts.  Number  of  off- 
shoots imported,  4,  all  from  the  Jerid. 

Kenteeshy  (p.  99). — Also  spelled  Kentichi.  Is  known  in  Al- 
geria as  M'Kentichi  Degla.  Fruit  about  1|  inches  long,  slightly 
mon».  than  one-half  as  wide,  oblong  or  slightly  inversely  egg-shaped, 
dull  bay  when  ripe,  the  skin  remaining  yellow;  the  flesh,  1  to  2J 
lines  thick,  becoming  hard  and  dry;  the  seed  about  two-thinls  a> 
long  as  the  fruit,  one-third  to  two-fifths  as  wide  as  long,  broad  and 
rounded  at  both  ends.  (Fig.  35.)  The  stalks  and  branches  of  the 
fruit  chisters  are  dull  orange.  The  palm  is  strong  and  vigorous, 
with  coarse,  heavy   foliage,  long  leaves  and  numerous  but   rather 

distant  long  and  broad  leaflets.     The 
stalks  of  the  fruit  clusters  are  curved. 


Fiu.  J«.-  Outlines  of  Hainra  seed  and  Pia.  35.— OuUines  of  Kenteesliy 

fniit.    (Natural  8ize.)  seedand fruit.   (Natnnasize.) 

forming  nearly  a  semicircle,  but  do  not  hang  down  below  the  foliage. 
Fairly  common  in  the  Jerid  and  much  esteemed  by  the  natives,  who 
are  reluctant  to  part  with  offshoots,  notwithstanding  the  fact  that  the 
fruit  is  small,  thin  of  flesh,  and  becomes  hard  and  dry  almost  before  it 
has  lost  its  astringency.  It  ripens  toward  the  end  of  October  and 
beginning  of  N()veml-)er.  It  is  moderately  sweet  and  rather  tasteless. 
It  yields  heavily,  being  one  of  the  most  productive  varieties  found  in 
Tunis,  and  is  said  to  give  a  good  crop  every  year.  It  is  reputed  to  be 
very  alkali  resistant,  but  to  require  plenty  of  water.  Kenteeshy  is 
said  to  tlirive  in  poor  soils  where  other  varieties  will  not  grow  and  to 
be  often  planted  as  a  wind-break.  Number  of  offshoots  imported, 
11,  all  from  the  Jerid. 

SOFT   DATES. 

Tantaboosht  (p.  99). — French  orthography,  Tantaboucht.  Fruit 
nearly  spherical,  usually  somewhat  wider  than  long,  1  to  H  inches  in 
greatest  diameter,  usually  widest  above  the  middle,  slightly  depressed 
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at  apex,  not  keeping  its  shape  well  when  preserved,  very  dark  brown 

purple  (almost  black)  when  ripe;  the  flesh  3  to  5  lines  thick,  very  soft 

and  dark  colored;  the  large  seed  two-thirds  to  four-fifths  as  long  as 

the  fruit,  one-half  to  two-thirds  as  wide  as 

long,   smooth.     (Fig.   36.)     The   stalks   and 

branches  of  the  fruit  clusters  are  deep  orange 

colored. 

Rare  in  the  Jerid,  common  in  Algeria.    A 

date  remarkable  for  its  round  shape  and  very 

soft,  almost  black  flesh.     Flavor  peculiar  and 

characteristic,  even  perfectly  ripe  fruit  re- 
taining   a    certain    amount    of    astringency. 

Number    of    offshoots    imported    (from    the 

Jerid),  5. 

TozER  Zaid  Safra  «  (p.  100) .—Fruit  1^  to  1§ 

inches  long,  one-half  to  two-thirds  as  wide  as 

long,  oblong  or  oblong  egg-shaped,  widest  near 

the  middle,  broad,  and  rounded  at  apex, 
not  keeping  its  shape  well  when  preserved ; 
the  flesh  1^  lines  thick,  extremely  soft  and 
sirupy,  nearly  black;  the  relatively  large 
seed  about  one-half  as  long  as  the  fruit, 
two-fifths  to  one-half  as  wid^^s  long, 
light  brown.  (Fig.  37.)  The  leaves  are 
long  and  very  numerous,  with  short  stalks, 
almost  concealing  the  fruit  clusters. 

Common  in  the  Jerid.  Flavor  charac- 
teristic, resembling  that  of  Baydh  Ham- 
mam  (p.  76),  not  attractive  to  the  writer, 


Pio.  .%.— Outlines  of  Tanta- 
boosht  seed  and  Iruit. 
(Nataral  size.) 


c~y 


Fig.  87.— Oatlines  of  Tozer  Zaid 
Safra  seed  and  fmit.  (Nataral 
size.) 


but  much  appreciated  by  the  natives. 
Generally  eaten  fresh,  but  sometimes 
preserved  for  a  short  time  in  skins. 
Yields  heavily.  J>uit  ripens  in  the 
latter  part  of  ()ctol)er.  Said  at  Nefta 
to  be  one  of  the  four  most  salt-resistant 
varieties.  Number  of  offshoots  im- 
ported, 9. 

TozER  Zaid  Khala  »  (p.  100).— Fruit 
li  to  IJ  inches  long,  three-fifths  to 
two-thirds  as  wide,  inversely  egg- 
shaped  or  oblong,  broad  and  rounded 
at  apex,   not  keeping  its  shape   well 


Fig.  38. -Outlines  of  Tozer  Zaid  Khala 
seed  and  fruit.    (Natural  size.) 


a  The  very  similar  name  "  Taser  Seit"  is  applied  to  a  variety  occurring  in  the 
Mzab  oasis. 

^Said  to  be  known  as  Abdul  Aziz   (or  AI>d-ol-Azaz)   in  the  Oued  Souf.     A 
variety  of  tlie  latter  name  oocurs  in  tlio  Ouod  Rirli. 
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soft  and  siriipy,  nearly  black ;  the  seed  about  two-fifths  as  long  as  the 
fruit,  about  two-fifths  as  wide  as  long,  dark  brown.     (Fig.  38.) 

IjCss  common  than  the  Tozer  Zaid  Safra  variety,  which  it  very 
closely  resembles  in  appearance  and  flavor.  Number  of  offshoots 
imported,  7. 

SAYB.i  Boo  D»A  (p.  102). — Fruit  from  2  to  more  than  2J  inchfs 
long,  less  than  one-half  as  wide,  oblong,  somewhat  jwinted  at  the 
apex,  usually  cnrve<l,  prune  purple  when  ripe,  the  surface  rather  dull ; 
the  fifrsh  3  to  3f  lines  thick, 
rather  firm;  the  slender  seed 
about  one-half  as  long  as 
the  fruit  and  not  more  than 
one-third  as  wide  as  long. 
(Fig.  39.)  The  stalks  and 
branches  of  the  fruit  clu.*- 
ters  are  bright  orange  col- 
ore<l. 

In  Tunis  apparently  con- 
fined to  the  Jerid  oasts, 
where  it  is  rare.  Occur 
also  in  the  Oued  Ilirh  in 
Algeria.  The  name  signifies  that,  turned  over  endwise  seven  times, 
the  fruit  measures  a  cubit  (20  inches),  and  is  expres-sive  of  the  great 
length  of  this  huge  date,  the  largest  of  the  Tunisian  varieties.  Flesh 
thick,  rather  tough.  Flavor  agreeable,  suggesting  IJoo  Fagoos  (see 
p.  07).  It  ripens  about  the  end  of 
October.  Number  ot  offshoots  im- 
ported, 10. 

KiiARoonr  (p.  102). — French  or- 
thography, Kharroubi.  Fruit  about 
2  inches  long,  less  than  two-fiff  hs  as 
wide,  often  wider  near  the  apex  than 
elsewhere,  usually  curved,  iK-tween 
bay  and  maroon  colored  wlien  ripe, 
the  surface  shiny:  the  skin  conspic- 
uously loosened  and  remaining  light 
yellow;  the  flesh  1  to  2  lines  thick,  rather  soft  and  dark  colored;  the 
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FiO.  41.— Ontlines  of  Oasby  seed  and  truit. 
(Natural  size.) 


in  October.     The  offshoots  remain  small  while  attached  to  the  parent 
tree.     Number  of  offshoots  imported,  2. 

Gasby  (p.  102). — Fruit  about  2  inches  long,  about  two-fifths  as  wide, 
oblong,  often  conspicuously  curved,  very  dark  prune  purple  with  a 
conspicuous  bloom  when  ripe,  the  surface  dull,  the  skin  tough,  russet 
bro^^n  where  loosened  from  the  flesh;  the  flesh  1  line  thick,  dark 
colored,  remaining  soft;  the  slen- 
der seed  not  more  than  three-fifths 
as  long  as  the  fruit,  not  more  than 
one-third  as  wide  as  long,  russet 
brown,   often   curved.     (Fig.  41.) 
The  stalks  and  branches  of  the  fruit 
clusters  are  deep  orange  colored. 
The    crown    of    foliage    is    rather 
small  and  delicate,  the  leaves  short, 
relatively  long  stalked,  the  leaflets 
long.     The  offshoots  remain  small  while  attached  to  the  parent  tree. 
Common  in  the  Jerid.     Ripens  very  early,  next  after  Ammary  (see 
below^),  it  is  said;  at  the  end  of  July,  according  to  Masselot     A 
handsome,    long,    slender,     dark-colored,    generally     curved     date. 
Highly  esteemed  by  some  of  the  natives,  while  others  say  it  is  used 
mostly  for  making  puddings  and  confectionery.     The  writer  found 
its  flavor,  which  is  of  the  Lagoo  type  (see  p.  80),  rather  attractive, 
suggesting  that  of  raisins.     It  is  said  to  keep  very  well.     Number  of 
offshoots  imported,  19. 

Bent  Segny  (p.  103). — Fruit  IJ  to  IJ  inches  long,  about  one-half 
as  wide,  inversely  egg-shaped,  square  at  base,  rounded  at  the  apex, 

keeping  its  shape  poorly  when  pre- 
served, very  dark  (almost  black)  pur- 
plish brown  when  ripe;  the  flesh  IJ 
lines  thick,  very  dark  colored  and  very 
soft ;  the  seed  about  one-half  as  long  as 
the  fruit,  two-fifths  to  one-half  as  wide 
as  long,  rounded  at  both  ends.  (Fig. 
42.)  The  stalks  and  branches  of  the 
fruit  clusters  are  deep  orange  colored. 

Rather  rare   in   the   Jerid.     A   verv 
soft,  sirupy  date,  with  a  pleasant  but 
not  remarkable  flavor.     Ripens  about  the  end  of  October.     Number 
of  offshoots  imported,  3. 

Ammary  (p.  108). — Fruit  IJ  to  a  little  over  IJ  inches  long,  about 
one-half  as  wide,  generally  inversely  egg-shaped,  square  at  the  base, 
rounded  at  the  apex,  keeping  its  shape  fairly  well  when  preserved; 
dark  brown  purple  when  ripe;  the  flesh  1  to  1^  lines  thick,  very  soft 

92 


Fig.  42.— Ou Utiles  of  Bent  Segrny  seed 
and  fmit.    (Natural  size.) 
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and  dark  colored;  the  seed  about  two-thirds  as  long  as  the  fruit 
about  two-fifths  as  wide  as  long,  blunt  at  both  ends.  (Fig.  48.) 
The  stalks  and  branches  of  the  fruit  clusters  are  orange  colored 
Foliage  coarse  and  heavy,  leaves  very  numerous,  rather  short  stalked 
with  long,  wide  leaflets. 

Common  in  the  Jerid,  the  Nefzaoua,  at  Gabes,  and  in  Algeria,  h 
the  earliest  maturing  variety  in  Tunis,  ripening  in  the  Jerid  'm 
August   (or  even  the  middle  of  July,  according  to  Masselot),  and 

from  September  1  to  Septemb€!r  15  at  Gabes. 
^*N         Said  to  give  a  good  crop  every  year,  and  lo 
^y         be  very  productive.     Fruit  of  rather  medi- 
ocre   quality.     Number    of    offshoots    im- 
ported, 12,  all  from  the  Jerid. 

GooNDY  (p.  103). — Fruit  about  If  inches 
long,  about  one-half  as  wide,  inversely  egg- 
shaped,  oblong   (broadest  above  the  mid- 
dle), keeping  its  shape  fairly  well  when 
FiQ.  43.-outiine8  of  Ammary     v.r(,,>^««..,i     K^v    to    maroou    colored    wheii 

seed  ami  fruit.  (Natural  size.)         pn^i^tu,     ua>      lu     iiiaiuuii     tuiuiyu     niifu 

ripe;  the  flesh  about  1^  lines  thick,  dark 
colored,  remaining  rather  soft ;  the  seed  more  than  one-half  as  long 
as  the  fruit,  about  one-third  as  w^ide  as  long.  (Fig.  44.)  The  stalks 
and  branches  of  the  fruit  clusters  are  bright  orange  colored.  Foliage 
rather  coarse,  the  leaves  very  numerous,  short,  and  rather  short 
stalked,  the  leaflets  long  and  broad.  . 

Rather  common  in  the  Jerid,  and  said  to  occur  also  in  the  Nefzaoua 
and  at  Biskra,  in  Algeria.     Sweet  and  of  agreeable  but  not  pro- 
nounced flavor,  of  the  Lagoo  type.     (See 
p.  80.)     Ripens  in  the  Jerid  on  October  /^  y 

20,  according  to  Masselot,  although  the  ^^-^.^ ^ 

writer  w^as  told  that  it  ripens  sometimes 
as  early  as  September  15.  The  fruit  is 
preserved  in  skin  bags  for  home  use,  but 
is  not  an  article  of  commerce.  Number 
of  offshoots  imported,  9,  all  from  the 
Jerid. 

Karoov  (p.  104).-Fruit  1?,  inches  long,  ^■"•^-^fTN^^l^^o"^ 
about  orre-half  as  wide,  egg-shaped,  nar- 
rowed from  near  the  base  to  the  rounded  apex,  keeping  its  shape 
fairly  well  when  preserved,  bay  colored  when  ripe;  skin,  where  loose, 
olive-brown;  the  flesh  about  l.J  lines  thick,  rather  tough;  the  seed 
more  than  one-half  as  long  as  the  fruit,  about  one-third  as  wide  as 
long.  (Fig.  45.)  The  branches  and  stalks  of  the  fruit  clusters  are 
orange  colored. 

A  variety  found  in  the  Jerid,  but  not  common.     The  name  is  not 
given  in  any  published  list  of  the  varieties.     Flesh  rather  tough, 
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Fig.  45.— Ontlino«  of  Karooy  seed 
and  fruit.    (Natural  size.) 


noderately  sweet,  flavor  a^eeable,  similar  to  that  of  the  dry  dates, 
(fumber  of  offshoots  imported,  5. 

Tenaseen  (p.  105). — French  orthography,  Tanessin  or  Tenassine.) 
Fruit  If  to  IJ  inches  long,  al)out  one-half  as  wide,  oblong,  not  keep- 
ing its  shape  well  when  preserved,  black 
when  rij>e;  the  flesh  very  soft,  nearly 
black;  the  seed  alxnit  threi^-fifths  as  long 
as  the  fruit,  about  one-third  as  wide  as 
long,  rather  dark  brown. 

Rare  in  the  Jerid,  conmion  in  the  Oued 
Souf  and  Oued  Rirh  in  Algeria.  The 
flavor  of  the  very  sweet,  soft,  dark-col- 
onel flesh  suggests  Tozer  Zaid  Safra  (see 
p.  85),  but  is  more  agreeable.  Is  said  to 
ripen  in  October.  Crown  of  foliage  hor- 
izontal, umbrella-like.     One  offshoot  imported  from  the  Jerid. 

Iteema  (p.  100). —  (French  orthog- 
raphy, Ytima.)  The  name  means 
"  an  orphan  girl."  Fruit  slightly 
more  than  2  inches  long,  about  one- 
half  as  wide,  widest  at  or  near  the 
middle,  rounded  at  base,  somewhat 
pointed  and  conspicuously  not  sym- 
metrical at  apex,  not  keeping  its 
shape  well  when  preserved,  chestnut 
brown,  with  a  slight  purple  tinge 
when  ripe,  the  surface  shiny;  the 
flesh  over  2  lines  thick,  extremely 
soft;  the  seed  nearly  one-half  as  long  as  the  fruit,  about  two-fifths  as 
wide  as  long,  chestnut  colored.  (Fig.  40.) 
Rare  in  the  Jerid,  common  in  the  Al- 
gerian oases.  A  very  handsome  date,  with 
sirupy,  translucent  flesh,  extremely  sweet, 
rather  insipid  in  flavor.  An  early  ripen- 
ing sort,  maturing  in  the  Jerid  at  the  end 
of  Septeml)er  (according  to  Massclot). 
Eaten  fresh.  Numl)er  of  offshoots  im- 
ported, 15  (2  only  from  Tunis,  the  rest 
from  Algeria). 

KiiALT  Hameed  (p.  100). — Fruit  IS 
inches  long,  about  one-half  as  wide,  elliptical  in  form,  generally 
slightly  narrowed  at  both  ends,  keeping  its  shape  well  when  preserved, 
bright  maroon  when  ripe;  the  flesh  1 J  lines  thick,  ratlier  firm,  not  very 
sugary;  the  seed  smooth,  more  than  one-half  as  long  as  the  fruit, 
about  two-fifths  as  wide  as  long,  widest  above  the  middle.     (Fig.  47.) 
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Pia.  46. 


-Outlines  of  Iteema  seed  and 
fruit.    (Natural  size.) 


Pig.  47.  -Outlines  of  Khalt  Hameed 
seed  and  fruit.    ( Natural  size. ) 


Occurs  in  the  Jerid,  but  is  not  common.  Said  to  be  innch  liked  by 
the  nativoK  when  not  iierfectly  ripe,  but  to  the  writer  the  flaror 
seemed  inferior.  Ripens  at  the  end  of  October-  Does  not  keep. 
Number  of  offshoots  imported,  6. 

VARIETIES  IMPORTED  BVT  NOT  INCLmED  IN  THE  KEV, 

Deolet  Barca. — Occurs  in  the  Jerid,  but  is  not  common.  Fniit 
not  seen  by  the  writer,  but  said  to  l>e  round,  of  the  same  color  as 
Tozer  Zaid  Safra  {p.  85)  (very  dark  brown,  almost  black),  but 
different  in  flavor.  It  is  described  as  a  R'tob  (soft  date)  that  pre- 
serves very  well.     Number  of  offshoots  imported,  7. 

Deglet  Caid. — Rare  in  the  Jerid,  and  said  to  occur  also  in  ^he  Oued 
Rirh,  Fruit  not  seen  by  the  writer,  but  said  to  be  coral  red  before 
maturity  and  black  when  ripe,  and  to  be  con,servablc  only  for  a  short 
time.  Reported  to  be  a  fine  variety,  and  to  ripen  early  in  September. 
Number  of  offshoots  imported,  2. 

DEfii.ET  Sennay<:a. — Occurs  in  the  Jerid;  not  common.  A  soft 
date.  Fruit  almut  IJ  inches  long,  nearly  one-half  as  wide,  oblong, 
somewhat  pointed  at  the  apes,  bright  chestnut  brown  when  ripe,  sur- 
face shiny;  skin  much  loosened  and  folded;  flesh  soft,  dark  coloretl; 
seed  large,  dark  brown.  Said  to  ripen  early  in  October,  Very  .sweet, 
flavor  distinctive  (suggesting  burnt  sugar)  and  rather  agree.able,  but 
not  very  pronounced.  It  is  said  to  keep  well.  The  offshoots  remain 
small  as  long  as  they  are  attaclied  to  the  parent  tree.  Number  nf 
offshoots  imported,  9. 

Gasb  Haixx). — (Same  spelled  phonetically,  as  pronounced  by  the 
natives.)  Occurs  at  Nofta.  Is  probably  the  same  as  the  "  Osub  (or 
Ksob)  Halou  "  found  in  the  Ziban  and  Oued  Rirh  oases  of  Algeria. 
Fruit  not  seen  by  the  writer.  Said  to  resemble  Keuteesliy  {p.  841 
in  color;  described  as  sweeter  and  Ix'ttcr  flavored  than  Gasby  (p.  87). 
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Fruit  about  1|  inches  long,  about  one-half  as  wide ;  oblong,  narrowed 
at  the  apex,  bright  orange  before  maturity,  dull  light  brown  when 
ripe ;  seed  large,  light  brown ;  branches  of  fruit  clusters  bright  orange. 
Very  sweet  and  with  a  pleasant  flavor,  suggesting  Halooa  Bayda 
(see  p.  75).  Ripens  in  Octol)er.  Number  of  offshoots  imported,  5. 
Khalt  Boo  Fagoos. — A  rare  variety  of  the  Jerid.  Fruit  of  the 
soft  tyi)e,  very  similar  to  that  of  Boo  Fagoos  (see  p.  ()7),  about  If 
inches  long,  1  inch  wide,  generally  more  or  less  obovate,  maroon 
colored  when  ripe,  skin  much  blistered;  flesh  very  firm;  seed  large; 
branches  of  fruit  clusters  light  orange.  Moderately  sweet,  with  a 
fine  flavor  of  the  Horra  type  (see  p.  71).  Number  of  offshoots  im- 
ported, 4. 

Khalt  Gama. — Occurs  at  Nefta.  Fruit  not  seen  by  the  writer. 
"  Gama  "  means  wheat,  and  the  name  is  said  to  refer  to  the  color  of 
the  fruit.     Number  of  offshoots  imported,  2. 

Khalt  Kebeer. — A  variety  of  the  Jerid,  apparently  not  common. 
A  fine,  large,  reddish  brown,  soft  date,  with  small  seed,  preserving 
admirably.  Flavor  excellent,  considered  by  the  natives  to  resemble 
that  of  Boo  Fagoos  (see  p.  67).  Is  a  promising  variety.  Number 
of  offshoots  imported,  11. 

Khalt  Kentaowia. — Occurs  in  the  Jerid;  apparently  not  uncom- 
mon at  Tozer.  Fruit  not  seen  by  the  writer.  The  foliage  is  well 
developed  and  handsome>,  the  leaves  very  numerous,  cTowded  with 
long  leaflets.  The  name  implies  a  resemblance  to  the  Kenta  variety 
(p.  72).     Number  of  offshoots  imported,  4. 

Okht  Ammary. — A  variety  of  the  Jerid,  probably  not  common. 
Fruit  not  seen  by  the  writer.  Said  to  resemble  Ammary  (see  p.  87), 
but  to  be  larger.  Reported  to  ripen  at  the  end  of  September,  and  not 
to  keep  well.     One  offshoot  was  imported. 

Sba  Aroossa. — Name  means  "  bride's  fingers."  Occurs  in  the  Jerid, 
and  also  reported  to  occur  in  the  Ziban  oases,  in  Algeria.  Is  said  to 
be  rare  and  of  fairly  good  quality.  Fruit  not  seen  by  the  writer. 
Reported  to  be  a  long,  slender  date,  ripening  in  October  and  not  keep- 
ing well.     Number  of  offsh(K)ts  imported,  0. 

Towadant. — Occurs  at  Nefta,  and  is  probably  rare.  Fruit  not 
seen  by  the  writer;  said  to  be  very  large  and  long,  yellow,  and  of 
good  flavor,  ripening  at  the  same  time  as  Fteemy,  and  keeping  well. 
Number  of  offshoots  imported,  4. 

Zrai.— Name  spelled  phonetically  as  pronounced  by  the  natives,  not 
having  been  found  in  any  published  list.  Occurs  at  Nefta.  Fruit 
not  seen  by  the  writer;  said  to  resemble  Deglet  Noor  (p.  63)  in  color. 
Number  of  offshoots  imported,  7, 
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PlO.  48.— Outlines  of   Chodakh  seed 
and  frait.    (Natural  size.) 


<: 
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Chbdakh  (p.  lOG). — Is  of  the  soft  type.  Fruit  nearly  2  inches 
long,  about  one-half  as  wide,  oblong,  narrowed  slightly  at  both  ends, 
keeping  its  shape  fairly  well  when  preserved,  purplisli  maroon  when 

ripe;  the  flesh. onlj?^  1  line  thick,  all  of 
it  soft  and  dark  colored ;  the  seed  about 
three-fifths  as  long  as  the  fruit  and 
about  one-third  as  wide  as  long.  (Fig. 
48.)  The  leaves  are  rather  short,  and 
the  fruit  clusters  loose  and  open,  with 
rather  short,  erect  or  ascending  stalks^ 
Common  in  the  Jerid,  and  said  also 
to  occur  in  the  Nefzaoua.  Is  a  "  Il'tob.'' 
the  fruit  being  eaten  fresh  and  not  pre- 
served. It  is  not  highly  esteemed  by  the  natives,  and  the  flavor  is 
uninteresting.     Ripens  toward  the  end  of  October. 

Deglet  I Iamidatoo  ( p.  105 ) . — Fruit 
of  the  soft  type,  about  2  inches  long, 
nhont  one-half  as  wide,  somewhat 
blunt  pointed  at  the  apex,  elliptical, 
not  keeping  its  shape  well  when  pre- 
served, light  hazel  brown  when  ripe; 
the  flesh  2^  lines  thick,  very  soft  and 
sirupy,  translucent;  the  seed  about 
one-half  as  long  as  the  fruit,  about 
one-third  as  wide  as  long,  russet  to 
chestnut  colored.  (Fig.  49.)  The 
foliage  is  very  w^ell  developed,  the 
leaves  numerous  and  long,  crowded  with  long  leaflets,  the  bunches  of 
fruit  rather  loose  and  open,  with  ascending  or  spreading  stalks. 

A  very  rare  variet}^  of  the  Jorid, 
said  to  be  represented  at  Tozer  by  only 
two  trees.  Reported  to  occur  also  in 
the  oasis  of  ^fegrine,  ^Vlgeria.  It  is 
said  to  be  eaten  only  w^hen  fresh  and 
not  to  be  conservable.  The  fruit  is  of 
splendid  appearance,  beautifully  col- 
ored, and  extremely  soft  and  sirupy 
when  ripe.  Although  very  sweet  and 
rich,  the  flavor  is  rather  insipid  and 
soon  cloys,  like  the  Iteema  (p.  81) ).  Ripens  in  the  latter  part  of 
October. 

Dec.let  Hassen  (p.  108).— Fruit  of  the  soft  type,  If  to  If  inches 
long,  one-half  as  wide,  inversely  egg-shaped,  tapering  slightly  at  both 
extremities,  not  keeping  its  shape  well  when  preserved,  bright   bay 
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Fig.  49.-^atlixioa  of  Deglet  Hamidatoo 
seed  and  fruit    (Natural  size.) 


Fig.  50.— Chitlines  of  Deglet  HaAsen  seed 
and  fruit.    (Natural  size.) 
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colored  when  ripo;  the  skin,  where  loose,  yellow;  the  flesh  about  1^ 
lines  thick,  extremely  soft,  light  colored,  translucent;  the  slender  seed 
about  three-fifth!)  as  long  ati  the  fruit,  not  more  than  one-third  as 
wide  as  long,     {Fig.  50.)     The  trunk 
is  slender,  the  leaves  nimierous,  sliort, 
and  comparatively  long-stalked. 

Said  to  be  widely  distributed  in  the 
Jerid,  although  the  writer  failed  to  se- 
cure otfshoots.  The  oiTsh(M>ts  are  said 
"to  be  worth  75  cents  to  $1.15  apiece,  a 
jjrice  that  would  indicate  this  to  be  a 
Iiighly  esteemed  variety.  The  fruit, 
!s»iid  to  be  eaten  only  when  fresh,  is  ex- 
tremely soft  and  very  sweet  and  rich, 
but  soon  cloys.     Ripens  in  October, 

K-HALT  Menakhrv  (p.  105). — The  name  signifies  a  "  Khalt  re- 
sembling Menakher." "  Fniit  of  the  soft  type,  from  nearly  to  more 
than  2  inches  long,  about  one-half  as  wide,  cgg-shaiwd,  narrowed 

from  about  the  middle  to 

the  broad,  rounded  apex, 
keeping  its  shape  well 
when  preserved,  dark  pur- 
plish maroon  when  ripe; 
the  flesh  2  to  3  lines  thick, 
firm,  yet  very  sugary ;  the 
seed  about  one-half  as 
long  as  the  fruit,  al>out 
two-fifths  as  wide  as  long, 
blunt  at  both  ends.  (Fig. 
51.)  The  stalks  and 
branches  of  the  fruit  clus- 
tei's  are  light  orange  ral- 
ored. 

Occurs  at  Ncfta,  in  the 
Jerid,  but  is  evidently 
very  rare.  The  fine  fruit 
very  closely  resembles 
Khalt  Ilorraowia  (p.  8-2) 
in  appearance  and  flavor. 

F,«.Si-SeUtuyB,-,d«n<lfruiK    <N,i.u™l «^-. .  ^^'P"'"    '"   ^''^   ^«'*P''   P"'"* 

of  Oi-tober. 
Selatny  ( p.  104) . — Fruit  of  the  soft  tyi)e,  over  '2  inches  long,  about 
one-half  as  wide,  tajx-ring  from  near  the  base  to  tlu"  s<Hiiewhat  pointed 
apex,  kee{>ing  its  shape  ivell  when  pi'eseive<l.  bright  bay  colored  when 

'  Set'  foutiiute,  ii.  81. 
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ripe,  the  surface  shining;  the  flesh  1^  lines  thick,  rather  soft,  trans- 
lucent ;  the  seed  about  one-half  as  long  as  the  fruit,  about  two-fifths 
as  wide  as  long,  blunt  at  both  ends,  roughened  with  deep  furrows 
near  the  base.  (Fig.  52.)  The  stalks  and  branches  of  the  fruit 
clusters  are  orange  colored. 

A  rare  variety  of  the  Jerid;  said  also  to  occur  in  the  Xefzaoua, 
and  to  be  less  rare  there,  although  the  writer  saw  no  trees  in  the  latter 
region.  It  is  very  highly  esteemed  by  the  natives  and,  although  at 
special  effort  was  made  to  obtain  offshoots  of  this  variety  in  the 
Jerid,  none  could  be  had.  It  is  possible  that  an  exhaustive  search  in 
the  Nefzaoua  region  might  result  in  obtaining  offshoots.  The  fruit 
is  of  fine  appearance  and  is  said  to  be  generally  eaten  fresh,  although 
it  can  be  preserved.  The  flavor  somewhat  resembles  that  of  the 
Deglet  Noor  and  is  hardly  inferior,  while  in  size  this  variety  com- 
pares favorably  with  the  Menakher.  It  ripens  in  October  (or  even 
in  September,  according  to  Masselot).  The  palm  has  a  stout  trunk. 
The  leaves  are  rather  short  and  broad,  with  few  spines.  The  stalks 
of  the  short  fruit  clusters  are  nearly  horizontal  and  so  short  that 
together  with  the  clusters  they  are  hardly  as  long  as  the  leafstalk^s 
For  the  rarity  of  this  variety  the  same  explanation  was  given  the 
writer  as  for  that  of  Menakher  (see  p.  62). 

DESCRIPTIVE  KEY  TO  THE  GHARAOTEBS  OF  THE  FBUTTS. 

The  characters  given  in  the  key  of  date  varieties  which  follows 
were  cither  noted  on  the  spot  from  freshly  gathered  fruit  or  were 
subs(»quently  worked  out  from  samples  and  from  natural-size  photo- 
graphs made  in  the  field.  In  a  few  instances  samples  of  fruit  obtained 
in  the  autimin  of  1005  at  the  cooperative  date  garden  at  Tempe,  Ariz., 
from  palms  imported  several  years  ago  from  Algeria,  have  alsc>  been 
used  in  making  up  the  descriptions,  such  cases  being  always  specific- 
ally mentioned.  Owing  to  the  scantiness  of  the  material  available 
in  many  cases,  it  is  probable  that  the  descriptions  will  have  to  be 
modified  as  we  gain  a  better  knowledge  of  the  varieties. 

In  regard  to  measurements,  width  refers  in  every  case  to  the  great- 
est width  of  the  fruit  and  the  seed,  thickness  of  flesh  to  the  maximum 
thickness,  and  length  of  the  stone  is  taken  to  exclude  the.  apical  point 
or  mucro,  and  the  fibrous  stipe.  Color  of  the  fruit,  unless  otherwise 
specified,  refers  to  the  parts  where  tlie  skin  adheres  closely  to  the  flesh. 
AATiere  the  skin  has  become  loose  in  places,  as  in  most  of  the  soft 
dates  when  quite  ripe,  it  has  a  lighter  color,  which  is  also  generally 
described.  The  ''  germ  pore  *"  is  a  circular  depression,  1  to  2  mm. 
in  diameter,  occurring  on  the  back  of  the  seed.  When  its  position  is 
not  mentioned  in  the  description  it  is  understood  that  it  occurs  at  or 
near  the  middle  of  the  st^ed.  The  embryo  is  situated  at  this  point 
and  the  shoot  appears  here  at  germination, 
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Much  use  has  been  made  of  the  char«icters  afforded  by  the  colors 
of  the  fruit,  seed,  etc.,  the  names  of  colors  used  being  those  given  by 
Ridgway  (Nomenclature  of  Colors  for  Naturalists,  Boston,  1886). 
In  order  to  facilitate  comparison,  each  name  of  a  color  that  occurs  in 
the  key  is  followed  by  a  reference  to  the  corresponding  plate  and 
figure  in  the  work  cited,  thus:  Maroon  (IV,  2).  The  giant  cells,  to 
which  the  writer's  attention  was  first  called  by  Mr.  W.  T.  Swingle, 
occur  in  a  more  or  less  sharply  defined  zone  in  the  softer  part  of  the 
flesh,  close  to  the  skin.  It  is  really  the  hard,  bright-colored,  highly 
refractive  masses  of  cell  contents  (probably  consisting  chiefly  of  tan- 
nins) that  are  here  described.  Their  character's  are  taken  only  from 
thoroughly  ripe  fruit  in  which  the  cell  contents  have  assumed  their 
final  shape,  size,  and  color. 

A  word  is  necessary  in  regard  to  the  form  of  the  key.  The  varie- 
ties are  divided,  in  the  "  Synopsis  of  the  groups,"  first  into  two  prin- 
cipal classes,  the  dry  dates  and  the  soft  dates.  Each  group  is  then 
subdivided  into  a  number  of  smaller  groups.  The  designations 
selected  for  the  two  main  groups  should  not  be  understood  as  imply- 
ing that  all  the  dry  dates  are  necessarily  hard  and  thin  of  flesh  or  that 
all  the  soft  dates  are  rich  and  sirupy.  While  the  extremes  of  the  two 
types  are  very  distinct,  intermediate  forms  occur,  which  make  it 
impossible  to  draw  a  hard  and  fast  line  between  them.  Exceptions 
occur  in  both  categories,  and  some  of  the  varieties  of  which  the  affini- 
ties are  evidently  with  the  first  group  have  thicker  and  softer  flesh 
than  some  of  the  varieties  of  the  second  group.  In  deciding  to  which 
of  the  two  classes  a  given  variety  Ix^longs,  all  of  its  characters  must 
be  taken  into  consideration.  It  should  be  explained  that  the  classifi- 
cation, at  least  beyond  the  two  main  groups,  is  largely  artificial,  and 
is  designed  merely  to  aid  in  identifying  the  varieties.  While  in  many 
cases  it  happens  that  several  varieties  that  are  undoubtedly  closely 
related  botanically  are  brought  into  juxtaposition  in  the  key,  this  is 
by  no  means  always  the  case. 

The  key  to  the  varieties  is  not  of  the  dichotomous  form  usually 
employed  by  systematic  biologists,  but  is  modeled  upon  that  which 
was  introduced  by  Mr.  ().  F.  Cook  in  his  studies  of  Myriapoda."  It 
has  the  advantage  of  eliminating  one  species  (or  variety)  at  every 
step.  It  will  be  noted  that  the  w^hole  key  is  arranged  in  pairs  of 
j)aragraphs.  Of  each  pair,  the  first  paragraph  descrilws  a  variety, 
and  the  second  gives  the  characters  which  distinguisli  all  of  the  same 
group  which  follow  from  the  one  that  has  just  been  separated  out. 
Those  characters  in  the  first  paragraph  that  are  especially  to  be  con- 

a  In  a  paper  published  in  the  Annals  of  the  New  York  Academy  of  Science, 
0,  p.  8  (18J>5),  a  key  of  tliis  style  was  first  used  by  Mr.  Cook.     See  also  Phkn 
U.  S.  Nat  Mus.,  18,  p.  82  (1895). 
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trasted  with  the  second  paragraph  are  printed  in  italics,  as  is  the 
second  paragraph  itself.  The  italicized  portion,  therefore,  con^jti- 
tutes  the  key  proper.  Frequently  an  alternative  set  of  characters, 
introduced  by  the  words  "  or  if,''  will  be  found  in  the  second  para- 
graph of  the  pair  (as  on  p.  101).  These  alternative  characters  gener- 
jilly  refer  to  the  variety  described  in  the  first  paragraph  that  imme- 
diatelv  follows. 

It  is  believed  that  by  including  in  the  key  the  complete  description 
of  each  variety,  the  identification  can  Ix?  made  with  more  confidence 
than  if  only  the  characters  necessary  for  *' keying  out"  the  varieties 
were  given.  While  the  construction  of  a  key  of  this  type  pivseuts 
difficulties  that  are  not  encountered  in  making  the  ordinary  dichoto- 
mous  key,  it  is  believed  that  the  user,  after  a  little  practice,  will  find  it 
more  serviceable.  He  will  have  the  satisfaction,  as  it  were,  of  touch- 
ing ground  at  each  step  he  takes. 

After  the  name  of  each  variety,  at  the  end  of  the  paragraph  describ- 
ing it,  is  given  a  reference  to  the  page  of  the  text  on  which  will  be 
found  outlines  of  the  seed  and  fruit. 

1.  Synopsis  of  the  Groups. 

*  Flesh  iKJc'omIng  quite  dry  luid  often  hard,  the  white  central  portion  thicker 

than  the  darker  colored,  softer  outer  i>ortion  (often  twice  as 
thick)  ;  a  the  fibrous  lining  of  the  central  cavity  eleain  and 
dry,  l)riKht  white;  giant  cells  in  a  more  or  Ic^s  sliarply 
defined  zone  lying  between  the  white  and  the  dark  flesh, 
very  siualL  generally  not  much  longer  than  wide. 

Dry  datesii. 
**  Skin   l>ecoming  loose  over   much   of  the  surface  of  the  fruit,   forming 

large,  smooth,  soft,  mostly  longitudinal  blistei"s. 

Smooth-skinned  dry  dates,  p.  jrr. 
**  Skin  closely 'adliering  to  most  of  the  surface  of  the  fruit,  forming  a 

network  of  narrow,  hard,  transverse*  as  well  as  longitudinal 
wrinkles,  with  few  or  no  large,  soft  blistei's. 

Wrinkled  dry  dates,  pp.  07  to  DO. 

*  Flesh  not  becoming  dry  and  hard,  the  white  central  portion  thinner  than  the 

dark  colored,  softer  outer  portion :  the  fibrous  lining  of  the 
central  cavity  usually  more  or  less  soaked  and  darkened 
with  sirupy  juice ;  zone  of  giant  cells  not  usually  sharply  de- 
fined (or  at  least  not  easily  distinguishable  in  c*oIor)  from 
the  zone  outside  it,  the  cells  usually  variable  in  siae  and 
shape:  skin  l>ecoming  loosemMl  over  much  of  the  surface 
of  the  fruit  when  riiK»,6  forming  large,  soft,  generally  longi- 
tudinal l)listers,  but  otherwise  smooth:  or,  if  foruiini^  alw 
a  network  of  narrow  transverse  wrinkles,  these   few  and 

soft Soft    dates. 

**  Fruit  spherical  or  nearly  so,  at  least  three-fourths  as  wide  as  long. 

Round  soft  dates,  p.  9fi 


o  Exceptions  are  the  varieties  Bayjoo  (p.  07),  Thaby  (p.  08)  and  Hainni 
(p.  08)  in  which  the  darker  colored  outer  zone  is  much  thicker  than  the  white 
inner  zone,  at  least  in  fruits  that  have  l)een  kept  for  some  time.  In  other 
respe<'ts  these  an*  tyi)ical  dry  dates,  having  the  clean,  bright  white  liiilni;  of 
tlie  ciMitral  cavity  and  the  skin  covered  with  a  network  of  hard,  narrow 
wrinkles. 

&The  Khalt  M<M)ashem  variety  (see  p.  104)  is  an  ext^eption  in  having  the  skin 
closely  adhering. 
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*•  Fruit  not  spherical  or  nearly  so. 

♦**  Fruit  at  least  3  mm.  shorter  than  twice  the  width. 

Broad  soft  dates. 
♦**♦  Flesh  darlc  colored,  very  soft  and  slrupy,  date  not  keeping 
its  shape  well  when  ripe. 

Sirupy  broad  soft  dates,  pp.  r>l)-10(). 
****  Flesh  rather  firm,   not  sirupy,  date  keeping  its  shape  well 

when  rii)e B'irm  broad  aott  dates,  pp.  ICMVIOI. 

*♦♦  Fruit  at  least  3  mm.  longer  than  twice  the  width. 

Narrow  soft  dates,  pp.  101-102. 

**•  Fruit  about  twice  as  long  as  wide Intermediate  soft  dates. 

♦*•*  Decidedly  wider  near  tlie  apex  than  at  base. 

Olx)vate  intermediate  soft  dates,  p.  103. 
♦*•*  De<'idedly  wider  at  the  base  than  near  the  apex,  tapering 
from  near  or  below  the  middle  to  the  ai>ex. 

Ovate  intermediate  soft  dates,  pp.  103  to  105, 
•*♦♦  As  wide  or  nearly  as  wide  at  the  ai^ex  as  at  the  base,  either 
widest  at  or  near  the  middle  or  else  of  about  the  same 
width  throughout. 

Oblong  intermediate  soft  dates,  pp.  105-100. 

2.  Key  to  the  Varieties. 

Dry  Dates, 
smooth-skinned  dry  dates. 

Fruit  only  25  mm.  long  (smallest  of  the  Tunisian  varieties),  about  17.5  mm.  wide, 
ovate  or  obovate,  bright  bay  (IV,  5)  when  ripe,  the  skin  ochraceous  (V, 
7)  to  cinnamon  rufous  (IV,  16)  ;  fl€8?i  2.5  mm.  thick,  becoming  hard  and 
dry,  more  than  one-half  of  it  consisting  of  tiie  white  central  portion; 
seed  18  mm.  long,  about  9  mm.  wide,  smooth,  drab  brown  (III.  18),  the 
ventral  channel  narrow,  open,  the  germ  i>ore  generally  considerably 
above  the  middle;  giant  cells  in  a  sharply  defined  sione  forming  about 
one-half  the  thickness  of  the  dark  outer  part  of  the  flesh,  very  small, 
nearly  all  rounded,  rarely  more  than  H  times  as  long  as  wide,  mostly 
spherical  but  some  elliptical  and  pear-shaped,  orange  colored;  branches 
of  the  fruit  clusters  bright  (Icmov)  yelloic Angoo  (p.  74). 

Fruit  35  to  40  mm.  long,  about  one-half  as  ivide.  often  sligh'tly  wider  just  almve 
the  middle  than  elsewhere,  then  narrowed  to  the  truncate  or  blunt- 
pointed  apex,  dull  bay  (IV,  5)  colored  when  ripe,  tlie  skin  rufous  (IV.  7) 
to  hazel  (IV,  12)  colored;  flesh  3  to  //  mm.  thick,  not  l^ecoming  very  dry; 
seed  21  to  25  ram.  long,  one-thinl  to  two-fifths  as  wide,  rounded  at  l)oth 
ends,  Isabella  brown  (III,  23)  in  color,  the  ventral  channel  narrow,  open, 
the  germ  iK)re  above  the  middle;  giant  cells  very  uniform  in  size  nud 
shape,  spherical  or  nearly  so,  rufous  (IV,  7)  colored;  branches  of  the 
fruit  clusters  light  orange Kcnta  (p.  73). 

WRINKLED  DRY  DATES. 

Fruit  about  32.5  mm.  long,  three-fifths  to  two-thirds  as  wide,  ovate  in  outline, 
dull  orange  yellow  before  maturity,  purplish  nuiroon  (IV,  2)  or  bay 
(IV,  5)  colored  when  ripe;  flesh  3  mm.  thick,  the  w^hlte  central  portion 
much  thicker  than  tlie  dark  outer  zone;«  seed  averaging  20  mm.  long 
and  10  mm^icide,  Isabella  brown  (III,  23),  the  ventral  channel  wide,  open, 
the  germ  pore  near  the  ape.r  of  the  seed,  conspicuous;  giant  cells  very 
small,  all  rounded,  nearly  all  spherical,  orange  rufous  (IV,  13)  in  color; 
branches  of  the  fruit  clusters  pale  orange Bayjoo  (p.  8.3). 

Fruit  only  about  twice  as  long  as  wide. 

«  Although  in  fruits  cut  open  several  weeks  after  gathering  the  converse  ap- 
I>ears  to  be  true,  owing  to  the  suffusion  of  the  white  zone  with  sirup  from  the 
dark  portion. 
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when  ripe ;  flesh  2.5  to  5  mm.  thick,  becoming  hard  and  dry ;  Reed  about 
two-thirds  as  long  as  the  fniit,  one-third  to  two-fifths  as  wide  as  long, 
broad  and  rounded  at  both  ends,  between  russet  (III,  16)  and  wood 
brown  (III,  19),  tlie  ventral  channel  oi)en;  branches  of  the  fi*uit  clusters 

orange  buff   (VI,  22) Kenteeshya   (p.  84). 

Skht,  where  loose,  russet  (III,  16)  ;  giant-cell  zone  less  sharply  deftnedy  with 
groups  of  these  cells  extending  through  the  outer  layer  of  flesh  nearly  to 
the  skin, 

Hipe  fruit  dull  purplish  maroon  (IV,  2),  with  considerable  bloom,  35  to  ^0  mm, 
long,  often  somewhat  curved ;  flesh  2.5  to  4  mm.  thick ;  seed  about  two- 
thirds  as  long  as  the  fruit,  generally  one-third  as  wide  as  long,  the  ventral 
channel  open;  giant  cells  irajr  yellow  (VI,  7);  branches  of  the  fruit 
clusters  orange  colored Lemsy  (p.  75). 

Ripe  fruit  dull  hay  (IV,  5)  (dull  Indian  purple  (VIII,  6)  toward  base),  with 
considerable  bloom,  Si.5  to  So  mm.  long;  flesh  2  to  3  mm.  thick  ;  seed  about 
seven-tenths  as  long  as  the  fruit,  one- third  to  two-fifths  as  wide  as  long, 
the  ventral  channel  open  ;  giant  cells  tawny  (V,  1)  brown;  branches  of  the 
fniit  clusters  pale  orange Halooa  Bayda  &  (p.  76). 

Soft  Dates. 

BOUND   soft   dates. 

• 

Fruit  H3  to  ^J  mm.  in  greatest  diameter,  mostly  longer  than  wide,  spherical  or 
nearly  so,  keeping  its  shape  well  when  preserved,  color  before  maturity 
dull  orange  broicn,  between  maroon  (IV,  2)  and  prune  purple  (VIII,  1) 
when  ripe;  skin,  where  loose,  tawny  (V,  1)  :  flesh  firm,  8  to  10  mm. 
thick ;  seed  very  thick,  six-tenths  to  seven-tenths  as  long  as  the  fruit, 
about  three-fifths  as  wide  as  long,  conspicuously  roughened  with  longi- 
tudinal and  transverse  furrows,  the  ventral  channel  closed,  the  germ 
pore  not  distinguishable;  giant  cells  mostly  spherical  or  quadrangular 
with  rounded  angles,  rarely  more  than  one  and  one-half  times  as  long  as 
wide,  ferruginous  (IV,  10)  in  color Tronja  (p.  67). 

fruit  25  to  So  mm.  in  greatest  diameter,  usually  somewhat  wider  than  long, 
usually  widest  above  the  middle,  often  slightly  depressed  at  the  ai)ex, 
not  keeping  its  shape  well  when  preserved,  deep  chrome  yellow  (VI.  8) 
before  maturity,  very  dark  brown  purple  {almost  black)  when  ripe;  flesh 
very  soft,  i\  to  10  mm.  thick,  very  dark  colored;  seed  two-thirds  to  four- 
fifths  as  long  as  the  fruit,  one-half  to  two-thirds  as  wide  as  long,  nmmmy 
brown  (III,  10)  to  russet  (III,  16)  color,  smooth,  the  ventral  channel 
nearly  closeil  except  near  the  ai)ex ;  giant  cells  very  variable  in  size  and 
shape,  spherical,  elliptical  or  irregularly  triangular  or  (piadrangular  with 
rounded  angles,  mostly  one  to  one  and  one-half  (rarely  more  than  2) 
times  as  long  as  wide,  burnt  umber  (III,  8)  colored;  branches  of  the 
fruit  clusters  deep  orange Tantaboosht  c  (p.  85). 

BROAD    SOI-T    DATES. 

Sirup y  Broad  Soft  Dates. 

Fruit  32.5  to  35  mm.  long,  al)out  three-fourths  as  wide,  very  broad  ovate,  widest 
at  the  base  and  narrowed  thence  to  the  broad  rounded  apcr,  bright  bay 
(IV,  5)  colored  with  a  pronounced  bloom  when  ripe;  flesh  very  soft,  about 
3  mm.  thick,  translucent;  seed  wood  brown  (III,  19),  one-half  to  two- 
tliirds  as  long  as  the  fruit,  about  one-half  as  wide  as  long,  rounded  at 

o  Description  supplemented  by  fruit  from  the  garden  at  Temi>e,  Ariz.,  from  a , 
palm  originally  from  Biskra,  Algeria. 

&The  fruits  of  young  palms  labeled  Halooa  in  the  Temi)e  garden,  originally 
from  Bi.skra,  Algeria,  differ  from  the  above  description  in  several  particulars 
nnd  probably  belong  to  another  variety.  It  should  be  noted  that  in  Tunis  the 
word  Halooa  (sweetmeat)  occurs  as  a  prefix  in  the  names  of  several  very 
different  varieties  of  dates.     Thus,  Halooa  Cireb,  Halooa  TelK)olboo,  etc. 

<•  Description  supplemented  from  the  fruit  of  3  palms  in  the  Temi>e,  Ariz., 
date  garden. 
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both  ends,  the  ventral  channel  open  throughout  its  length,  the  germ  pore 
a  little  alH)ve  the  middle;  giant  cells  mostly  spherical,  some  short  elli|»- 
tical,  a  few  angular,  orange  rufous  (IV,  13)  in  color;    branches  of  tbe 

fruit  clusters  light  orange Alokh  Begry  (p.  7t!). 

Fruit,  wider  at  or  above  the  middle  than  at  the  base,  very  dark  hrown  or  black 
when  ripe. 

Fruit  ovate,  rather  abruptly  naiTotred  near  the  somewhat  pointed  aper^  40  to 
42.5  mm.  long,  from  a  little  less  to  a  little  more  than  one-lialf  as  wide: 
bright  orange  before  maturity,  dark  chetttnut  (IV,  9)  xcith  a  tinge  of 
maroon  (IV,  2)  when  ripe:  flesh  about  4  mm.  thick;  seed  20  to  25  miu. 
long,  one-third  to  two-fifths  as  wide,  burnt  umber  color  (III.  S).  the 
ventral  channel  ojien,  the  germ  i)ore  above  the  middle ;  giant  cells  nearly 
all  roundcHl.  either  spherical  or  short  elliptical,  one  and  one-half  to  two 
thnes  as  long  as  wide,  tawny  (V,  1 )  colored ;  branches  of  the  fruit  clus- 
ters orange Baydh  HammUn   (p.  77>. 

Fruit  oblong  or  somewhat  obovaie,  rounded  at  the  broad  apex,  black  or  nearly 
so  when  ripe. 

Fruit  oblong  or  oblong  ovate,  85  to  40  mm.  long,  generally  more  than  one-half  to 
two-thirds  as  wide,  bright  orange  before  maturity,  very  dark  brown 
{almost  blaek)  tchen  ripe,  skin  where  loose  raw  umber  (III.  14)  colored; 
flesh  3  mm.  thick ;  seed  al)out  one-half  as  long  as  the  fruit,  two-liftlis  to 
one-half  as  wide  as  long,  light  brown  (between  Isabella  (III,  23)  and 
fawn  (111,22)  eolor),the  ventral  channel  open  nearly  or  quite  throughout 
its  length,  the  germ  pore  considerably  above  the  middle,  very  dixtinrt; 
giant  cells  mostly  angular  (quadrangular)  but  many  spherical,  ferru- 
ginous (IV,  10)  in  color Tozer  Zaid  Safra  (p.  STi). 

Fruit  generally  oblong  obovate,  37.5  to  42;5  mm.  long,  three-fifths  to  two-thinls 
as  wide,  dark  maroon  (IV,  2)  before  maturity,  black  when  ripe:  flesh 
about  4  mm.  thick;  seed  about  two-fifths  as  long  as  the  fruit  two-fifths 
as  wide  as  long,  burnt  umber  color  (III,  8)  the  ventral  channel  afmont 
completely  closed,  the  dorsal  circle  at  the  middle,  not  very  ditftinci; 
giant  cells  nearly  all  rounded,  mostly  spherical,  ferruginous  (IV,  10)  in 
color Tozer  Zaid  Khala  (p.  STn. 

Firm  Btrtad  Soft  Dates. 

Flesh  thin  {not  exceeding  2.5  7nm.  in  thickness),  becoming  very  firm  and  dry, 
more  than  half  of  it  consisting  of  a  white  fibrous  core,  fruit  2j  min.  long, 

Angoo.^ 

Flesh  thick  {at  least  Jf  mm.  in  thickcnt  part),  not  becoming  very  dry,  the  tchite 
fibrous  core  forming  much  less  than  half  of  its  thickness,  fruit  at  least 
32.5  mm.  long. 

Skin  loosening  in  a  network  of  narrow  wrinkles  as  well  as  large  soft  blisters, 
orange  rufous  (IV,  13)  where  loose;  fruit  35  to  37.5  mm.  long,  ovate  or 
oblong  ovate  in  outline,  widest  at  or  below  the  middle,  purplish  maroon 
(IV,  2)  or  bay  colored  (IV,  5)  when  ripe;  flesh  4  to  5  mm.  thick,  firm 
yet  tender;  seed  averaging  22  mm.  long  and  9  mm.  wide,  russet  (III.  IG) 
colored,  the  ventral  channel  oi)en;  giant  cells  in  a  well-defined  asone, 
very  small,  irregularly  quadrangular  with  rounded  angles,  to  nearly 
elliptical  or  spherical  in  outline,  wax  yellow  (VI,  7)  to  orange  (VI,  X) 
in  color;  brandies  of  the  fruit  clusters  deep  orange Kseba  (p.  77 K 

Skin  loosening  in  large  soft  blisters  but  not  developing  a  nettcork  of  narrorr 
wr  inkles. 

Fruit  about  37.5  mm.  long,  22  to  20  mm.  wide,  ovate  {widest  near  the  base),  the 
surface  dull,  orange  colored  before  maturity,  between  maroon  (IV,  2)  and 
prune  purple  (Vlll,  1)  when  ripe;  skin  where  loos^  ochraceous  (V.  7)  to 
russet  (111,  1(»)  ;  flesh  3  to  4  mm.  thick,  the  central  white  fibrous  core 
forming  nearly  one-half  the  total  thickness;  seed  18  or  19  mm.  long, 
9  or  10  mm.  wide,  narrowed  at  both  ends,  the  ventral  channel  frecjuently 


o  This  is  properly  a  dry  date  and  is  described  on  p.  97 ;  but  on  account  of  its 
smooth,  blistered  rather  than  wrinkled  skin  it  might  be  sought  in  this  part 
of  the  key. 
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clofietl,  the  };erm  pore  a  little  abore  the  middle;  giant  cells  mostly  about 
as  wide  as  long  and  angular  (irregularly  tiuadrangular,  i>entagonal,  etc., 
with  rounded  angles),  orange  rufous  (IV,  13)  in  color;  branches  of  the 

fruit  clusters  light  orange Doonpa  (p.  78). 

Fruit  ohovatc  or  ohorate  oblong  (wident  at  or  above  the  middle),  its  surface 
shining,  at  least  JfO  mm.  long  ot\  if  shorter,  the  seed  icith  more  or  less 
conspicuous  xcing-like  lateral  ridges, 

'Fruit  32.0  to  37..)  mm.  long,  about  two-thirds  as  wide,  bright  bay  (IV,  5)  col- 
ored, the  skin  where  loose  tawny  ochraceous  (V,  4)  ;  flesh  4  mm.  thick, 
light  brown  ;  seed  witJi  more  or  less  conspicuous  lateral  wing-like  ridges, 
t\N-o-thIrds  to  three-fourths  as  long  as  the  fruit,  generally  two-fifths  as 
wide  as  long,  broad  at  both  ends,  the  ventral  channel  fre<iuently  closed; 
giant  cells  mostly  spherical  or  very  short  elliptical,  saffron  yellow 
(VI,  4) Besser  Haloo  (p.  78). 

Fruit  JiO  mm.  or  longer,  the  seed  without  wing-like  ridges  {although  sometimes 
roughened). 

Fruit  somewhat  fiddle-shaped,  widest  above  the  middle  but  often  somewhat  nar- 
rowed at  the  extreme  ai)ex,  constricted  near  the  middle,  40  to  45  mm.  long, 
22.5  to  25  nun.  wide,  greenish  yellow  lK»fure  maturity,  between  maroon 
(IV,  2)  and  prune  pun)le  (VIII,  1)  when  ripe;  skin  where  loose  ochra- 
ceous (V,  7)  ;  flesh  5  mm.  thick,  firm  but  tender;  setnl  about  thrc^-flfths 
as  long  as  the  fruit,  about  one-third  as  wide  as  long,  the  ventral  channel 
oyyeu,  germ  jwre  small  and  inconspicuous ;  giant  cells  all  rounded,  de- 
cidedly longer  than  wide,  ferruginous  (IV,  10)  in  color;  branches  of  the 
fruit  clusters  orange Boo  Fagoos  (p.  (57). 

Fruit  not  fiddle-shaped  nor  constricted  near  the  middle,  giant  cells  angular, 
about  as  wide  as  long,  saffron  yellow  (VI,  4)  to  light  orange  (VI,  3) 
in  color. 

Fruit  45  to  50  mm,  long,  slightly  more  than  one-half  to  three-flfths  as  wide, 
conspicuously  wider  above  than  below  the  middle,  then  narrowed  to  the 
blunt  apex,  bright  orange  before  maturity,  bright  purplish  maroon  (IV,  2) 
when  ripe;  skin  loose  over  nmch  of  the  surface*,  ochraceous  (V,  7)  to 
ochraceous  rufous  (V,  5)  ;  flesh  0  to  7  mm.  thick;  see<l  24  to  27  mm. 
long,  about  two-flfths  as  wide,  cinnamon  brown  (III,  20).  the  ventral 
channel  open ;    branches  of  the  fruit  clusters  deep  orange. 

Boo  Affar  (p.  W). 

Fruit  40  to  GO  mm.  long,  one-half  to  two-thirds  as  wide,  only  slightly  wider  above 
than  below  the  middle,  broad  and  rounded  at  apex,  dull  orange  before 
maturity,  light  bay  (IV,  5)  or  hazel  (IV,  12)  colored  when  ripe,  the  skin 
in  large  part  loose  and  conspicuously  blistere<i  in  the  rii)e  fruit,  orange 
(VI,  3)  to  ochraceous  (V,  7)  in  color;  flesh  5  to  0  mm.  thick;  seeil  about 
one-half  as  long  as  the  fmit,  less  than  one-half  as  wide  as  long,  cinna- 
mon rufous  (IV,  1(J)  in  color,  its  surface  nmghened  here  and  there  with 
irregular  ridges  and  furrows,  the  ventral  channel  fre<iuently  closed, 
the  germ  pore  alK)ve  the  middle :  giant  cells  very  diverse  in  shape 
and  size,  irregularly  quadrangular,  i)ear  or  cigar  shaiKKl,  saffron  (VI,  4) 
to  orange  (VI,  3)  in  color;  branches  of  the  fruit  clusters  light  orange. 

Arcshty  (p.  71). 

NARROW    SOFT   DATES. 

Skin  conspicuously  marked  with  short,  linear  sears,  fruit  47.5  to  52.5  mm.  long, 
17.5  to  20  mm.  wide,  oblong,  tapering  slightly  from  base  to  apex,  not 
cun-ed  or  very  slightly  so,  bright  bay  (IV,  5)  when  ripe,  the  skin  where 
loose  ochraceous  (V,  7)  coloretl;  flesh  3  to  4  mm.  thick,  soft,  translucent; 
seed  30  mm.  long,  alK)ut  one-third  as  wide,  the  ventral  channel  sometimes 
closed,  the  germ  pore  considerably  al)ove  the  middle,  verj*  distinct ;  giant 
cells  mostly  2  to  3  times  as  long  as  wide,  mostly  angular  or  pointed,  raw 
sienna  (V,  2)  colored Tafazween  (p.  08). 

Skin  not  marked  with  linear  sears,  giant  cells  rounded,  or,  if  angular,  the  fruit 
prune  purple  (VIII,  1)  when  ripe. 

Fruit  50  to  62.5  mm.  long,  22.5  to  27.5  mm.  wide,  oblong,  somewhat  pointed  at 
apex,  usually  curved,  greenish  yellow  before  maturity,  prune  purple 
(VIII,  1)   with  considerable  bloom  when  rii>e;  skin  where  loose  russet 
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(III,  10),  surface  dull;  flesh  6  to  7  mm.  tliwk,  rather  tough;  seed  25  to 
30  mm.  long,  about  one-third  as  wide,  the  ventral  channel  very  open; 
ffiant  cclitt  variable  in  shape,  maun  anguUir  or  sharp  jytnnted,  others 
spherical  or  elliptical,  1  to  3  times  (the  great  majority  1  to  H  timers)  as 
long  as  wide,  ferruginous  (IV,  10)   in  color;    branches  of  the  fruit  clus- 

*  ters  bright  orange Sayha  Boo  Dra   (p.  S»»>. 

Fruit  not  exceeding  52.5  mm.  long,  giant  cells  icith  rounded  outlines,  none  or 
very  few  angular. 

Fruit  not  curved,  50  to  52.5  nun,  long,  about  20  mm.  wide,  oblong,  somewhat 
pointed,  yellowish  to  reddish  orange  before  maturity,  derp  marf*on 
(IV.  2)  to  prune  purple  (VIII,  1)  when  ripe,  the  skin  russet  (III,  ItH 
where  loose,  shiny ;  Iflesh  5  to  G  mm.  thick,  soft ;  seed  slender,  2:?  to  2^5 
mm.  long,  less  than  one-third  as  wide,  between  russet  (III.  10)  anl  burnt 
umber  (HI,  8)  colored,  the  ventral  channel  narrow,  oi>en;  giant  cells 
mostly  elliptical,  many  spherical,  a  few  rod-Bhai>ed  (more  than  twi<^e  as 
long  as  wide)  none  angular,  deep  ferruginous  (IV,  10)  in  color;  bnmches 
of  the  fruit  clusters  orange Okht  Fteemy  (p.  70). 

Fruit  more  or  less  curved  or,  if  straight,  hay  (IV,  5)  to  light  maroon  (IV,  2)  in 
color. 

Fruit  straight  or  nearly  m,  40  to  50  mm.  long,  two-fifths  to  nearly  one-hsilf  a:? 
wide,  oblong  or  somewhat  ol)ovate  in  outline,  not  keeping  its  shapr  frrll 
ichen  ripe,  conspicuously  mucronate.  orange  before  maturity,  bay  (IV.  5) 
colored  when  ripe,  skin  where  loose  russet  (III,  1(>),  shiny;  floih  -J  to  X 
mtn.  thick,  very  soft  and  sirupy;  see<i  25  to  28  nun.  long,  two-sevenths  to 
one-third  as  wide,  broad  and  ixninde<I  at  l>oth  ends,  ventral  channel  Ho8*ed 
near  the  middle  or  open  throughout;  giant  cells  usually  spherical  but 
often  short  elliptical,  never  angular,  rarely  uiore  than  one  and  one-half 
times  as  long  as  wide,  orange  (VI.  3)  to  russet  (III,  10)  colore^l: 
branches  of  tlie  fruit  clusters  bright  orange Rhars  a  (p.  7!i). 

Fruit  more  or  less  curved,  keeping  its  shape  well  when  ripe,  flesh  not  more  than 
Jf  mm.  thick,  rather  firm. 

Skin  mostly  loose,  light  yellow  {between  saffron  (VI,  4)  and  maize  (VI,  21  >  ^. 
blistering  conspicuously  in  ripe  fruit;  fruit  alK)ut  50  mm.  long,  less  than 
two-flfths  as  wide,  oblong,  often  somewhat  larger  near  the  apex  than 
elsewhere,  between  bay  (IV,  5)  and  maroon  (IV,  2)  when  rii)e,  its  sur- 
face shiny  ;  llesh  2.5  to  3.5  nun.  thick,  rather  soft ;  see<l  27  to  2S  mm. 
long,  about  one-third  as  wide,  generally  somewhat  curved,  l>etween  fawn 
(III,  22)  and  cinnamon  (III,  20)  colored,  the  ventral  channel  open,  the 
germ  pore  considerably  above  the  middle,  conspiciious ;  giant  cells  spher- 
ical to  short  elliptical  (the  great  majority  less  than  twice  a.s  Ions  as 
wide),  none  angular,  deep  ferruginous  (IV,  10)  in  color;  branches  of 
the  fruit  clusters  orange Kharoiwy   (p.  tSO). 

f^kin  lud  conspicuously  blistered,  russet  (III,  10)  or  hazel  (IV,  12)  colored. 

Fruit  45  nun.  long.  20  mm.  wide,  oblong,  tapering  slightly  to  the  a|x»x.  ha^ 
(IV.  5)  to  light  maroon  (IV,  2)  in  c^lor  when  ripe,  rather  shiny;  flenh 
3.5  to  Jf  mm.  thick,  rather  tough;  seed  27  to  30  mm.  long,  alwut  one-third 
as  wide,  russet  (III,  1(»),  its  surface  roughened  with  fine  wrinkles,  tlie 
ventral  channel  open,  the  germ  jwre  below  the  middle;  giant  ^y7/* 
spherical  to  rod-shaped,  many  of  them  3  times  as  long  as  wide,  vone 
angular,  raw  sienna  (V,  2)  in  color;  branches  of  the  fruit  < lusters 
orange Lagoo   (p.  8<». 

Fruit  45  to  50  mm.  long,  about  two-fifths  as  wide,  oblong,  often  strongly  curved. 
very  dark  prune  purple  (VIII,  1)  with  a  conspicuous  bloom  wften  ripe: 
.skin  rather  tough,  not  shiny;  flesh  2  mm.  thick;  seed  25  to  30  mm.  long, 
about  one-third  as  wide,  russet  (III,  1(>),  often  curved,  the  ventral  chan- 
nel narrow,  open;  giant  cells  sometimes  angular  or  pointed,  the  majority 
spherical,  few  more  than  one  and  one-half  times  as  long  as  wide,  orange 
ochraccous  (V,  3)  in  color;  branches  of  the  fruit  clusters  deep  orange. 

Gasby  (p.  87). 


«  Description  supplemented  from  fruit  from  Tempe,  Ariz.,  garden,  borne  by  2 
palms  originally  from  Biskra,  Algeria. 
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INTERMEDIATE   SOFT   DATES. 

Oho  vat  e  Intermediate  Soft  Dates. 

F'ruit  42.5  to  45  mm.  long,  square  at  base,  rounded  at  apex,  bright  orange  before 
maturity,  hecomiuy  x'ery  dark  (almost  black)  brown  purple  when  ripe; 
flesh  alK)ut  3  mm.  thiclj.  very  dark  colored  and  very  soft,  fruit  keeping 
its  shape  poorly  when  ripe;  seed  20  to  24  mm.  long,  two-fifths  to  one-half 
as  wide,  rounded  at  both  ends,  the  ventral  channel  rather  wide,  open; 
ffiant  cells  extremely  variable  in  shape  and  size,  mostly  sharp  anyled  and 
even  pointed,  triangular  or  quadrangular  in  outline,  orange  rufous  (IV, 
13)  in  color ;  branches  of  the  fruit  clusters  deep  orange. 

lient  Slegny  (p.  87). 

Fruit  maroon  (IV,  2)  or  hay  (IV,  5)  when  ripe;  giant  cells  fairly  upiform  in 
shape  and  size,  not  pointed  or  triangular. 

Fruit  40  to  //^..>  7nw.  long,  tapering  slightly  at  both  ends,  extremely  soft,  not 
keeping  its  shape  when  preserved,  bright  hay  (IV,  5)  when  ripe,  skin 
where  loose  saffron  colored  (VI,  4)  ;  flesh  al>out  3  mm.  thick,  translucent, 
liglit  colored :  seed  24  to  2(»  nun.  long,  about  one-third  as  wide,  the  ventral 
channel  oi)en :  giant  cells  all  rounded,  mostly  spherical  but  a  few  ellip- 
tical, none  more  than  twice  as  long  as  wide,  mostly  much  smaller  than 
in  Bent  Segny,  orange  rufous  (IV,  13)  in  color Deglet  Ilasscn  (p.  92). 

Fruit  not  exceeding  J§0  mm.  long,  moderately  *ioft,  keeping  its  shape  fairly  well 
when  preserved ;  giant  cells  many  of  them  angular. 

Fruit  very  dark  colored  (between  prune  purple  (VIII,  1)  and  hrotcn)  when 
ripe,  3()  to  38  nmi.  long,  generally  olK)vate  or  obovate  oblong,  square  at 
base.  ronmUni  at  apex;  skin  where  loose  Imrnt  umber  (III.  8)  color; 
flesh  2  to  3  mm.  thick,  very  soft  and  dark  colored ;  fil)rous  lining  of  the 
central  cavity  well  develoi>e<l ;  seed  about  two-thirds  as  long  as  tlie  fruit, 
al)out  two-fifths  as  wide  as  long,  blunt  at  l)oth  ends,  mars  brown  (III,  13) 
in  color,  the  ventral  channel  o[)en,  the  germ  pore  very  indistinct;  giant 
cells  chiefly  spherical  or  short  elliptical  but  many  quadrangular  with 
roundetl  angles,  few  of  them  more  than  one  and  one-half  times  as  long 
as  wide,  tawny  (V.  1)  in  color;  branches  of  the  fruit  clusters  orange 
(VI,  3) Ammarya  (p.  88). 

Fruit  bay  (IV,  5)  or  maroon  (IV,  2)  when  ripe;  giant  cells  all  or  nearly  all 
angular,  mostly  mtt  longer  than  wide,  almost  never  more  than  one  and 
one-half  times  as  long  as  wide. 

Fruit  about  J^O  nun.  long;  seed  averaging  2.>  mm.  long,  about  one-third  as  wide, 
the  ventral  channel  wide,  open,  the  germ  pore  near  the  base;  flesh  about 
3  mm.  thick  ;  giant  cells  mostly  angular  but  many  spherical,  the  great 
majority  not  longer  than  wide  (^  to  A  as  large  as  in  Deglet  Ilassen), 
orange  ochraceous  (V,  3)  in  color;  branches  of  the  fruit  clusters  bright 
orange Goondy   (p.   88). 

Fruit  Sii  to  S7.5  mm.  long;  flesli  altout  3  mm.  thick  ;  seed  averaging  20  mm.  long, 
alK)ut  two-fiftlis  as  wide,  the  ventra-l  channel,  narrow  but  open;  giant  cells 
all  more  or  less  angular.  (al)ont  twice  as  large  as  in  Ooondy),  ochraceous 
(V,  7)  in  color;  branches  of  the  fruit  clusters  orange Zekry  (p.  81). 

Ovate  Intermediate  i^oft  Dates. 

Firm  white  central  portion  of  the  flesh  at  least  twice  as  thick  as  the  soft,  dark- 
colored  outer  portion-^ Kenta.^ 

Firm  white  central  portion  of  the  flesh  not  nearly  so  thick  as  the  soft,  dark- 
colored  outer  portion. 

White  fibrous  lining  of  the  central  cavity  little  developed;  fruit  35  to  50  mm. 
long,  narrowed  from  about  the  middle  to  the  rounded  ai)ex  and  often 

o  Description  drawn  uj)  from  material  from  Tempe.  Ariz.,  garden,  from  a  palm 
originally  from  Ourlana,  Algeria. 

-  6  This  variety  (as  well  as  the  Angoo,  p.  07)  t)elongs  evidently  to  the  dry 
date  class,  and  is  described  on  i).  07 ;  but,  on  account  of  its  smooth,  very  loose 
skin  (narrow  transverse  wrinkles  few  or  none),  it  is  likely  to  be  sought  in  this 
part  of  the  key. 
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also  to  the  base,  orange  rufous  (IV,  13)  before  maturity,  maroon  <IV.  2i 
when  rii)e,  its  skin  oc-hrafeous  (V,  7)  colored  where  loose,  shiny:  flesti 
soft,  4  to  6  mm.  thick ;  seed  a  little  more  than  half  as  long  as  the  fruit, 
ffcnerally  conHpicuoualy  pointed  at  the  apej'  and  often  narroiced  to  the 
base,  very  smooth,  chestnut  (IV,  9)  colored;  the  ventral  channel  more  or 
less  close<l;  giant  cells  mostly  rounded  (a  few  with  rounded  angles) 
either  spherical  or  short  elliptical  (1  to  2  times  as  long  as  wide),  rufous 
(IV,  7)  colored,  branches  of  the  fruit  clusters  maize  (VI,  21)  yellow. 

Deglet  Xoor  <p-  ^^>. 
White  fibrous  lining  strongly  developed  throughout  the  length  of  the  onfrml 
cavity;  seed  generally  rounded  at  both  ends,  rough,  light  colored    (cm- 
namon  (III.  2<))  to  Isabella  (III,  23)  broion). 

Ripe  fruit  dark  prune  purple,  its  skin  adhering  closely  to  the  flesh,  {very  little 
blistered  or  wrinkled),  conspicuously  marked  icith  transccrse  and  hmgi- 
tudinal  linear  scars;  fruit  4<)  to  45  mm.  long,  narrowed  from  about  the 
middle  to  the  rounded  ai)ex,  keeping  its  shape  perfectly  when  riiie: 
flesh  al)out  4  \\m\.  tliick,  firm  but  tender:  seed  22  to  23  mm.  long,  nearly 
one-half  as  wide,  widest  near  the  middle,  rounded  at  the  ends,  the  ventral 
channel  closed;  giant  cells  very  small,  the  majority  angular  (geuerally 
somewhat  regularly  quadrangular),  but  many  spherical  or  pejir-shaped. 
rarely  more  than  one  and  one-half  times  as  long  as  wide,  orange  rufou*. 
(IV,  13)  coloret^l ;  branches  of  the  fruit  clusters  bright  orange. 

Khalt  MOimshetn  (p.  81). 

Ripe  fruit  not  darker  in  ador  than  purplish  maroon  (IV,  2),  much  of  the  skin 
blistered,  not  scarred. 

Branches  of  the  fruit  clusters  maize  yellow  (VI,  21)  ;  fruit  JiO  to  .^2.5  mm. 
long,  narrowed  fi*om  alK)ut  the  middle  to  the  rounded  apex,  betwrtn 
maroon  (IV.  2)  and  prune  purple  (VIII,  1)  when  ripe,  with  considerable 
bloom;  skin  where  loose  tawny  ochraceous  (V,  4),  somewhat  shiny: 
flesh  about  4  mm.  thick ;  seed  al)out  t^vo-fifths  as  long  as  the  fruit. 
alx)ut  one-third  as  wide  as  long,  cinnamon  brown  (III,  20),  the  ventral 
channel  oi)en,  the  germ  pore  al)ove  the  middle:  giant  cells  very  uniform 
in  shape  and  size,  nearly  all  rounded  and  spherieaL  ferruginous  (IV,  10) 
m  a)lor ^ Khalt  Deglaowia  (p.  82). 

Branches  of  the  fruit  cluxters  orange  (VI,  3),  fruit  4^  to  50  mm,  long  or.  if 
shorter,  the  ripe  fruit  bay  colored  (IV,  5)  atiit  the  giant  cells  mostly 
sharp-angled. 

Fruit  JfO  mm,  long,  narrawed  from  near  the  base  to  the  rounded  aijex.  dull 
orange  before  maturity,  bay  colored  (IV,  5)  when  ripe,  skin  where 
loose  tawny  olive  (111,  17),  somewhat  shiny;  flesh  about  S  mm.  thick, 
rather  tough ;  seed  23  to  25  mm.  long.  al)out  one- third  as  wide,  the  ven- 
tral channel  open ;  giant  cells  very  diverse  in  sha|>e  and  size,  the  grea* 
majority  sharp-angled  (very  few  si)lierical ) .  and  irregularly  triangular 
or  (juadrangular  in  outline,  sometimes  irregularly  club-shaped  or  cigar- 
shaped,  often  sharp-i)ointed  or  even  aristate,  more  than  half  of  them  2  to 
3  times  as  long  as  wide,  orange  (VI,  3)  to  orange  rufous  (IV.  13)  in 
color Kamoy  (p.  SI)). 

Fruit  Jf.i  to  '}(}  mm.  long;  giant  cells  all  rounded  or,  if  sharp-angled,  the  color  nf 
the  fruit  dark  (between  maroon  (IV,  2)  and  prune  purple  (VIII,  1) 
and  the  flesh  Ji  to  6  mm.  thick. 

Flesh  only  3  mm.  thick,  translucent,  soft,  sugar  not  crystallizing  on  the  cut 
surface;  fruit  50  mm.  long,  tapering  from  at  or  near  tiie  base  to  tlie 
somev/hat  pointed  apex,  light  orange  before  maturity,  bright  bay  (IV. 
5)  when  ripe;  skin  where  loose  ochraceous  (V,  7),  shiny:  seed  about 
one-half  as  long  as  the  fruit,  al)out  two-fifths  as  wide  as  long,  deeply 
furrowed  at  base,  the  ventral  channel  open;  giant  cells  all  rounded  (or 
a  few  very  indistinctly  angled),  tlic  majority  elliptical  (14  to  2  times  as 
long  as  wide),  a  few  spherical,  orange  rufous  (IV,  13),  of  nearly  the 
same  size  and  color  as  in  the  Deglet  Noor  (see  nhoye) Selatny  (p.  J)3). 

Flesh  Jf  to  G  mm.  thick,  sugar  crystallizing  conspicuously  on  the  cut  surface; 
fruit  .'i5  to  50  nun.  long,  dull  orange  red  before  maturity,  dark  maroon 
(IV,  2)  to  prune  purple  (VIII,  1)  when  ripe. 

Fruit  narrowed  from  at  or  near  the  base  to  the  somewhat  pointed  apex,  skin 
where  loose  tawny  (V,  1)  ;  seed  2,5  to  20  mm.  long,  about  one-third  as 
wide,  more  or  less  truncate  at  ai)ex,  the  ventral  channel  open  or  partly 
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closed;  giant  cells  very  small  (resembling  those  of  Deglet  Noor  and 
Selatny),  quite  unifoi^i  in  size  and  shape,  all  rounded ^  spherical  or  short 
elliptical,   rarely  more  than  one  and  one-half   times  as   long  as  wide, 

rufous  (IV,  7)  in  color Khalt  Horraowia  (p.  82). 

Fruit  not  conspicuously  narrowed  until  from  about  the  middle,  broad  at  apex, 
skin  where  loose  ochraceous  (V,  7),  seed  24  to  25  mm.  long.  al)out  two- 
fifths  as  wide,  rounded  at  apex,  the  ventral  channel  oi)en  or  partly 
closed ;  giant  cells  3  to  ^  times  as  large  as  in  the  preceding,  extremely 
diverse  in  size  and  shape,  all  angled  (generally  sharply  so),  irregularly 
triangiiiar  or  quadrangular  or  angular  rod,  club,  or  i)ear  shaped,  often 
three  to  four  times  as  long  as  wide,  between  saffron  (VI,  4)  and  orange 
(VI,  3)  in  color Khalt  Menakhrya  (p.  93). 

Oblong  Intermediate  Soft  Dates, 

Fruit  nearly  black  when  ripe,  very  soft,  not  keeping  its  shape  well,  35  to  40 
mm.  long;  giant  cells  mostly  angular Tozer  Zaid  Safra  *>  (p.  85). 

Fruit  not  darker  than  chestnut  (IV,  0)  or  maroon  (IV,  2)  when  ripe,  or,  if 
black,  the  giant  cells  all  rounded,  none  angular. 

Fruit  black  when  ripe,  vei'y  soft,  not  keeping  its  shape  weil,  40  to  45  mm. 
long:  seed  al)out  three-fifths  as  long  as  tiie  fruit,  alxmt  one-third  as  wide 
as  long.  l)etween  mummy  brown  (III,  10)  and  russet  (III,  10)  in  color, 
the  ventral  channel  oi>en  or  jmrtiy  closed,  the  germ  pore  al)ove  tlie  mid- 
dle ;  giant  cells  all  rounded,  sphericai  or  short  ellii)tical,  not  more  than 
one  and  one-half  times  as  long  as  wide,  orange  (VI,  3)  coloreil. 

Tvnaseen  c. 

Fruit  brown,  bay  (IV,  5),  or  maroon  (IV,  2)   when  ripe. 

Fruit  conspicuously  wider  near  the  middle  than  elsewhere  and  rapidly  diminish- 
ing in  width  from  that  point  to  the  narrow  base  and  apex;  seed  generally 
tapering  from  near  the  apex  to  a  rather  sharp  point Deglet  \oor.<i 

Fruit  only  moderately  wider  near  Ihe  middle  than  elsewhere  and  gradually 
diminishing  from  that  point  to  the  base  and  apex,  or  else  of  about  the 
same  width  throughout  almost  its  entire  length  ;  seed  more  or  less  rounded 
and  abruptly  tipped  (mucronate)  at  apex,  not  taper  pointed. 

Fruit  when  ripe  light  hazel  (IV,  12)  colored  without  any  tinge  of  purple,  the 
skin  where  loose  saflfron-yellow  (VI.  4),  shiny.  47.5  to  50  mm.  long, 
somewhat  blunt  pointed  at  theai)ex,  not  keeping  its  shape  irell :  flesh  about 
5  mm.  thick,  very  soft  and  sirupy,  with  almost  no  white  fibrous  lining 
to  the  central  cavity;  seed  23  to  25  mm.  long,  a  little  more  than  one-third 
as  wide,  russet  (III,  10)  to  chestnut  (IV,  9)  colored,  the  ventral  channel 
open,  the  germ  iiore  below  the  middle:  giant  cells  quite  uniform  in  size, 
mostly  rounded  (spherical,  short  elliptical,  or  i)ear-shaped),  some  <iuad- 
rangular  with  rounded  angles,  none  more  than  one  and  one-half  times  as 
long  as  wide,  orange  rufous  (IV,  13)  to  ferruginous  (IV,  10)  in  color. 

Deglet  Ilamidatoo  (p.  92). 

Fruit  when  ripe  darker  colored,  bay  (IV,  5).  maroon  (IV.  2),  or  chestnut 
(IV,  9),  with  a  purple  tinge  or,  if  hazel  (IV,  12)  colored  and  without 
purple  tinge,  then  of  rather  firm  consistency,  keeping  its  shape  well  when 
preserved  and  with  the  giant  cells  mostly  angular  (Areshty). 


o  These  four  "Khalts**  (Mooashem,  Deglaowia.  Horraowia.  and  Menakhry) 
have  the  skin  more  or  less  conspicuously  transversely  wrhikled  as  well  as  blis- 
tered, and  tlie  flesh,  although  tender,  of  (juite  firm  (t)nsistcucy,  characters  l)e- 
\oufz\ng  rather  to  the  dry  than  the  soft  dates  (s(v  j).  9<>).  and  they  appear  to 
)e  somewhat  related  to  the  Ilorra  variety  (see  p.  98)  :  l)ut  on  acct>unt  of  their 
tbick  sugary  flesh  and  rich  flavor,  it  seems  projier  to  class  them  among  the 
soft  dsUes. 

b  The  fruit  of  this  variety  is  usually  considerably  less  than  twice  as  long  as 
vide  (see  p.  100). 

c  This  variety  is  common  in  the  oaspo*  of  eastern  Algeria.  A  young  imlm  in 
'he  garden  at  Tempo,  Ariz.,  originally  from  Ourlana.  Algeria,  has  much  shorter, 
jbovate  fruit  and  although  labeled  "Tenaseen"  it  is  certainly  not  identical 
vrttb  the  above-describeii  fruit,  which  was  obtained  in  the  Oued  Souf.  Tlie  latter 
is  ill  all  probability  the  true  Tenaseen. 

<i  This  variety  has  the  fruit  generally  decidedly  larger  near  the  base  than  near 
rbe  ajwx  and  is  therefore  classed  with  the  ovate  intermediate  soft  dates.  The 
•orni  described  on  this  page  is  the  exception,  that  on  i)age  104  is  the  rule. 
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Fruit  when  ripe  chestnut  colored  (IV,  9)  icith  a  very  slight  purple  iittpe.  tbe 
skin  where  loose  tawny  olive  (III,  17)  or  oebraceous  (V,  7),  sbiny.  tke 
fruit  brlRht  orange  before  maturity,  nearly  50  mm.  lon^.  somewhat 
pointed  and  conspicuously  one-sided  at  apex,  not  keeping  its  shape  weO 
when  ripe;  flesh  about  4.5  mm.  thick,  extremely  soft  and  nirupy:  seed 
23  to  24  mm.  long,  about  two-fifths  as  wide,  chestnut  (IV,  9 1  colored: 
the  ventml  channel  more  or  less  closed,  giant  cells  verj*  diversse  in  siie 
and  shape,  all  angled  (often  sharply  so),  generally  considerably  longi-r 
than  wide,  triangular,  quadrangular,  or  somewhat  pear-shaped,  the  ont- 
lines  often  very  irregular,  ferruginous  (IV,  10)  in  color Iteenta   tp.  89 k 

Fruit  when  ripe  bay  (IV,  5)  or  maroon  (IV.  2)  to  prune  purple  (VIII,  1  >  <  rarylttp 
to  hazel  (IV,  12)  in  Areshty),  not  or  not  conspicuously  one  ftided  at  ap^x. 

White  fibrous  lining  to  the  central  cavity  almost  none,  flesh  only  abf^ut  2  inim. 
thicky  all  soft  and  dark  colored  when  ri|)e;  fruit  45  mm.  lori^.  oblong 
narrowed  slightly  at  both  ends,  keeping  its  sha|ie  only  fairly  well  wbea 
ripe,  bright  orange  yellow  before  maturity,  maroon  (IV,  2>  with  slight 
purple  tinge  when  rii)e,  shin  tchere  loose  saffron  (VI,  4)  to  (tranffe  i  VI, Ui. 
shiny ;  seed  al>out  three -fifths  as  long  as  the  fruit  and  about  one-third  as 
wide  as  long,  the  ventral  channel  oi»en  or  close<l;  giant  cells  never  more 
and  usually  less  than  twice  as  long  as  wide,  quite  variable  in  form,  nearly 
all  angular,  in  outline  triangular,  quadrangular,  or  somewhat  pea r-shaf»ed; 
color  orange  rufous  (IV,  13)  to  ferruginous  (IV.  10) __  Chedakh   (p.  92i. 

White  fibrous  lining  to  the  central  cavity  well  developed,  flesh  at  least  3  w». 
thick,  skin  where  loose  ochraceous  (V,  7)  to  russet  (III,  IG),  mre/jr 
orange  (VI,  3). 

Flesh  soft  and  sirupy,  4  wiw.  thick;  fruit  keeping  its  shape  only  fairly  trdJ 
when  ripe,  ^2.5  to  ^7.5  mm,  long,  slightly  narrowed  at  both  end^,  reddish 
orange  before  maturity,  between  dark  maroon  (IV,  2)  and  prune  purj*!^ 
(VIII,  1)  with  a  conspicuous  bloom  when  rii)e.  Its  surface  shiny;  seed 
l>otwccn  one-half  and  three-fifths  as  long  as  the  fruit,  usually  slightly 
less  than  one- third  as  wide  as  long,  widest  below  the  middle  or  about 
ecpialiy  wide  throughout,  the  ventral  channel  o|jen :  giant  vellx  m^rly  aii 
angular,  similar  to  those  of  the  preceding  (Chedakh)  :  branches  of  the 
fruit  clusters  deep  orange Ftccmy   (p.  CB^U 

Flesh  of  firm  consistency,  fruit  keeping  its  shape  well  when  ripe,  broad  at  ba*e 
or,  if  somewhat  narrowed  at  base,  the  fruit  only  4^>  mm,  long,  then  tke 
flesh  only  3  mm.  thick  and  the  giant  cells  all  rounded  or  nearly  so. 

Fruit  J/O  mm.  long,  generally  slightly  narrowed  at  both  ends,  bright  niafoon 
when  ripe,  with  considerable  bloom;  flesh  3  mm.  thick,  not  very  sugartt: 
seed  smooth,  2r»  mm.  long,  about  two-fifths  as  wide,  widest  above  th? 
middle,  the  ventral  channel  open,  the  germ  pore  alwve  the  middle:  giam 
cells  very  uniform  in  size  and  shape,  all  rounded,  spherical  or  nearly  >»». 
orange  (VI,  3)  in  color Khalt  Hameed   (p.  89k 

Fruit  J^O  to  60  mm,  long,  broad  at  base,  flesh  4  to  6  mm,  thick,  very  sugary:  seed 
rough. 

Fruit  JfJ.o  to  .^7  mm,  long,  oblong  or  oblong  ovate,  broad  and  rounded  at  bas^ 
and  ai)ex,  kee[)lng  its  shape  well  when  ripe,  dull  orange  yellow  before 
maturity,  between  maroon  (IV,  2)  and  chestnut  (IV,  9)  or  bettrecM 
chestnut  and  hazel  (IV,  12)  colored  with  a  purplish  bloom  when  ripe: 
flesh  4  to  0  mm.  thick,  tlie  white  fibrous  lining  to  the  central  cavity  well^ 
develoijcd ;  seed  28  to  25  mm.  long,  two-fifths  to  one-half  as  wide,  russet 
(III,1())  to  chestnut  (IV,  9)  colored,  its  surface  uniformly  rougkeneH 
with  small  pits  and  fine  irrinkles,  the  ventral  channel  frequently  cK>sed. 
the  germ  i)ore  usually  distinct,  always  alx)ve  the  middle  of  the  seed: 
giant  cells  quite  uniform  in  size  and  shape,  all  rounded,  mostly  spberioal 
but  some  short-elliptical  (lA  or  nearly  2  times  as  long  as  wide),  rufoit^ 
(IV,  7)  colored;  branches  of  the  fruit  clusters  lemon  yellow. 

Menakher  (p.  6n. 

Fruit  dull  orange  before  maturity,  light  bay  (IV,  5)  or  light  hazel  (IV,  12) 
colored  trhen  ripe;  seed  roughened  here  and  there  with  irregular  ridgct 
and  furrows;  giant  cells  very  diverse  in  shape  and  size,  nearly  all  ampu- 
lar,  saffron  (VI.  4)  to  orange  (VI,  3)  in  color;  branches  of  the  fmit 
clusters  light  orange _,-<^;;:^^^-^^^2:>.^ Areshtya  (p.  71). 


<»The  fruit  of  this  variety 
as  wide,  and  it  Is  therefore 
p.  101.) 
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DESCEIPTIOH  OF  PLATES. 

Plate  I.  Frontispiece.     Harvesting  Deglet  Noor  dates  from  tall  trees  at 

Plate  II.  I?.e,  1. — An  unirrigated  tract  of  alkali  land  in  the  midst  of 
oasis,  with  a  growth  of  salt-loving  samphire,  or  "pickle  weed."  Only 
is  needed  to  transform  this  spot  into  luxuriant  date  gardens,  like  tboa 
rounding  It.  Fig.  2. — Working  the  soil  of  a  date  garden  with  the  "  mess^hT  or 
short-handled  hoe,  preparatory  to  planting  onions.  Illustrates  the  frequent  cul- 
tivation given  well-cared-for  date  gardens;  also  (background),  recently  plaiited 
palms  sheltered  by  tent-like  coverings  of  date  leaves. 

Plate  III.  Date  palm  (Khalt  Aly  Meskeen  variety)  showing  the  **s%traddlliis'* 
of  a  heavy  bunch  of  fruit  to  prevent  the  breaking  of  the  stalks.  This  is  a  con- 
mon  practice  in  the  Tunis  oases  and  saves  much  fruit  that  would  otfaervise 
be  lost. 

Plate  IV.  Fig.  1. — A  Tronja  palm  with  numerous  offshoots  (one  as  lar^  as 
the  main  trunk)  in  unirrigated  alkali  land,  showing  the  characteristic  curriiig 
of  the  leaves.  Fig.  2. — A  typical  male  date  palm,  showing  the  cbaracterisile 
heavy  crown  of  foliage. 

Plate  V.  Fig.  1. — A^^nakher  palm  at  Nefta,  said  to  be  20  years  old.  One  of 
the  offshoots  shown  was  imix)rted  into  the  United  States.  Fig,  2. — Older 
Menakher  palm  at  El  Cud  lane,  with  two  large  fruiting  offshoots. 

Plate  VI.  Fig.  1. — Deglet  Noor  palm,  oasis  of  El  Oudiane,  showing  the  char- 
acteristic drooping  of  the  long-stalked  fruit  clusters.  Fig.  2. — Lagoo  palm, 
showing  horizontal  or  erect  short-stalked  fruit  clusters.  Fig.  3. — The  town  of 
Nefta,  a  community  supiwrted  almost  entirely  by  date  culture. 

Plate  VII.  Fig.  1. — Full-grown  Fteemy  palms  in  a  hollow,  oasis  of  El  Oudiane 
Fig.  2. — A  plantation  of  6-year-old  date  palms  at  the  edge  of  Nefta  oasis,  in 
land  that  was  formerly  covered  with  an  efflorescence  of  salts.  The  varieties 
represented  are  Fteemy,  Okht  Fteemy,  and  Deglet  Noor  (a  Fteemy  i>alai  near 
the  center  in  the  foreground).  The  arrangement  of  the  "lands"  for  irrigation 
and  a  young  crop  of  alfalfa  among  the  palms  are  shown. 

Plate  VIII.  Dates,  natural  size.  (1)  Deglet  Noor  variety:  (2)  Menakher 
variety. 

Plate  IX.  Dates,  natural  size.     (1)  Tronja  variety;   (2)  Boo  Affar  variety. 

Plate  X.  Dates,  natural  size.  (1)  Horra  variety;  (2)  Kenta  variety;  (3) 
Fteemy  variety;  (4)  Mokh  Begry  variety. 
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Fio.  1.— Alkali  Land  in  the  Midst  of  Tozer  Oasis. 


Fig.  2,— Wobkino  the  Soil  of  a  Date  Garden  with  the  "Messah  ",  ok  Short- 


Date  Palm,  Showino  "Straddling" 
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— DeGLET  NooR  P*LM.  Fra.  2.— Lagoo  palm. 


Fio.  3,— The  Town  of  Nefta,  with  Date  Garden  in  Left  Foreground. 


FiQ.  1,— Fteemv  Palms,  El  Oudiane. 


Dates,  Natural  Size. 
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THE  CONTROL  OF  APPLE  BITTER-ROT. 


INTRODUCTION. 

Accounts  of  severe  losses  of  the  apple  crop  of  the  United  States 
caused  by  bitter-rot  {Glonierella  rtfjb/naciil/ini^  (Berk.)  Spaulding  & 
von  Schrenk)  date  back  to  1870,  and  since  that  time  destructive  out- 
breaks of  this  disease  have  occurred  at  frequent  intervals  with  appar- 
ently increasing  severity  until  a  loss  of  several  million  dollars  in  a 
single  season  is  not  uncommon.  An  epidemic  occurred  in  1900,  when 
it  was  estimated  that  the  damage  to  the  apple  crop  of  the  United  States 
was  $10,000,000,''  and  in  1902  the  attacks  of  the  fungus  were  again 
exceedingly  severe. 

Although  the  fungus  causing  this  disease  occurs  in  nearly^  every 
apple-growing  State  in  the  eastern  part  of  the  United  States,  severe 
losses  from  it  have  been  confined  to  the  southern  half  of  the  apple  belt, 
Missouri,  Illinois,  Arkansas,  Virginia,  West  Virginia,  and  Kentucky 
suffering  especially  in  recent  years. 

This  disease  has  had  the  attention  of  the  Department  of  Agriculture 
for  a  number  of  years.  In  the  Report  of  the  Chief  of  the  Section  of 
Vegetable  Pathology  for  1887  *  appeared  the  first  economic  discussion 
of  the  disease  by  an  American  writer,  followed  in  1891  '*  by  a  more 
extensive  account  of  the  fungus  by  Miss  K.  A.  Southworth.  In  1903 
Messrs.  von  Schrenk  and  Spaulding,''  of  the  Mississippi  Valley  Labora- 
tory of  the  Bureau,  published  a  general  account  of  the  bitter-rot  dis- 
ease with  a  description  and  life  history  of  the  fungus  causing  it. 

In  1903  the  attention  of  the  Bureau  of  Plant  Industry  was  called  to 
an  outbreak  in  Virginia  and  West  Virginia,  and  the  writer  was  detailed 
to  investigate  the  trouble  and  arrange  for  remedial  experiments. 
During  the  months  of  August  and  Septem})er  (1903)  a  number  of 
orchards  in  each  of  these  Sttites  were  visited,  and  it  wjis  found  that, 
although  several  other  good  varieties  were  affected,  the  highly  prized 
Yellow  Newtown  (also  known  as  Albemarle  Pippin)  was,  as  usual,  the 
greatest  sufferer.     In  some  cases  the  destruction  was  complete,  and  to 

o  Woods,  A.  F.     Annual  Reports,  Department  of  Agriculture,  19()1,  p.  47. 
*  Annual  Report  of  the  Commissioner  of  Agriculture,  1887,  pp.  348-3o0,  PI.  Til. 
c  Journal  of  Mycology,  VI,  pp.  164-173,  PI.  XVI. 

rfBul.  44,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  1903.       , 
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find  as  much  as  50  per  cent  of  the  fruit  of  this  variety  harvested  Id 
good  condition  was  exceptional.  The  Yellow  Newtown  growers  of  this 
section  had  had  a  similar  experience  with  the  crops  of  1901  and  1899 
(two  and  four  years  previous),  and  some  were  on  the  point  of  abandon- 
ing their  orchards  in  despair,  one  man  going  so  far  as  to  cut  down  his 
trees.  It  seemed,  therefore,  especially  desirable  for  the  Bureau  to 
determine  the  best  metho<ls  for  combating  this  disease  and  to  obtain 
data  upon  which  definite  recommendations  could  be  based.  Accord- 
ingly a  series  of  experiments  was  planned,  which  were  carried  out  in 
the  orchards  of  Mr.  W.  H.  Goodwin,  at  Avon,  Va.,  to  whom  the 
Department  is  much  indebted  for  valuable  services  in  facilitating  the 
work.  The  work  was  outlined  and  some  spraying  done  in  the  spring 
of  1904,  but  this  being  the  ^'off  year"  it  soon  developed  that  there 
would  be  no  crop  of  apples  in  that  section,  and  the  actual  work  i-eported 
upon  in  this  paper  was  not  commenced  until  the  spring  of  1905. 

THE  DISEASE  AND  ITS  CAUSE. 

A  detailed  account  of  the  disease  and  the  fungus  causing  it  having 
appeared  in  a  previous  bulletin  of  this  Bureau,**  many  details  will  be 
omitted  in  the  following  discussion,  the  attempt  being  made  to  include 
only  those  facts  with  sj)ecial  bearing  on  the  subject  of  this  paper. 

THE    DISEASED   SPOTS   ON   THE   APPLE. 

The  diseased  spots  are  usually  a  quarter  to  a  half  inch  in  diameter 
before  the  fruit  grower  ordinarily  notices  them,  but  they  first  appear 
as  very  small,  yellowish-brown,  sometimes  watery  specks,  f reqiiently 
bordered  with  a  ring  of  purple-red.  Thepui'plish  margin  is  especially 
prominent  on  spots  that  are  retarded  by  cool  weather,  and  many  late 
infections  appear  onh^  as  red  or  purplish  specks,  never  developing 
farther  on  account  of  adverse  conditions.  On  the  other  hand,  the 
purplish  coloration  is  likel}'  to  be  entirely  absent  from  a  spot  that  is 
developing  rapidh^  under  favorable  conditions.  As  the  spot  enlarges 
and  grows  older  it  becomes  dark-brown  in  the  center,  shading  off  into 
a  light  watery  margin.  It  is  circular  in  outline,  with  a  well-defined 
margin,  and  soon  becomes  sunken.     (See  PI.  I,  and  PI.  VI,  fig.  1.) 

When  the  spots  are  about  one-half  inch  in  diameter,  fruiting  pus- 
tules begin  to  appear  in  the  form  of  small  black  dots  slightly  raised 
and  usually  arranged  in  concentric  rings  (PI.  VI,  fig.  1).  These  pus- 
tules soon  break  through  the  skin  (PI.  II,  6),  discharging  pink,  sticky 
spore  masses,  which  are  readil}'  washed  off  by  dews  and  rains.  As 
the  disease  progresses,  other  rings  of  pustules  appear  and  give  forth 
spores  in  great  abundance.  When  the  pink  spore  masses  are  washed 
away  the  pustules  appear  as  l)lack  I'agged  openings  through  the  skin  of 

o  Von  Schrenk  and  Spaulding,  1.  c. 
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the  apple.  An  apple  ma}^  have  only  one  diseased  spot,  bat  in  a  serious 
outbreak  there  are  usual!}'  several,  and  it  is  not  uncommon  to  see  a 
fruit  literally  peppered  with  points  of  infection.  During  the  past 
season  the  writer  counted  1^200  on  a  single  apple  and  estimated  1,000 
on  each  of  several  others.  When  so  numerous,  these  spots  are  at  jRrst 
raised,  appearing  as  small  brown  blisters  on  the  skin  of  the  apple,  and 
are  frequently  so  arranged  as  to  suggest  that  the  points  of  infection 
had  followed  drops  of  water  trickling  down  the  sides  of  the  apple,  the 
specks  being  distributed  evenly  over  the  upper  or  stem  end,  from  which 
the  specked  areas  extend  in  strips  toward  the  calyx  end. 

When  a  number  of  spots  appear  on  a  single  apple,  they  soon  coalesce, 
and  three  or  four,  gaining  the  ascendency,  envelop  the  others  and 
retain  their  circular  shape,  each  producingits  rings  of  fruiting  pustules. 
Finally  the  entire  fruit  is  converted  into  a  dark-brown,  shriveled,  and 
wrinkled  mummy,  which  may  hang  on  the  tree  a  year  or  more.  (PI.  I, 
and  PI.  VI,  tig.  1.)  However,  the  majority  of  the  affected  fruits  fall 
to  the  ground  before  they  are  half  rotten,  and  their  decomposition  is 
hastened  by  scavenger  insects  and  decay  fungi. 

THE   BITTER-ROT   FUNGUS. 

The  bitter-rot  disease  is  due  to  a  fungus  which  has  received  the 
botanical  name  (rloinerella  rvfmnaculanH  (Berk.)  Spaulding  &  von 
Schrenk/'  but  which  has  been  known  until  recently  as  Glneosporiurn 
fruHlgenum  Berk.* 

This  microscopic  plant,  developing  from  a  spore  that  has  found  its 
way  to  the  apple,  penetrates  the  skin  in  the  fonn  of  a  minute  tube, 
which  immediately  begins  to  branch  and  grow  rapidly  in  every  direc- 
tion. This  mycelium  absorbs  its  nourishment  from  the  cells  of  the 
apple,  killing  them  and  thus  producing  the  brown  sunken  spots  known 
as  bitter-rot. 

The  myceliuin, — The  diseased  tissue  is  filled  in  the  intercellular 
spaces  with  pale,  delicate,  much-branched  threads  of  mycelium,  which 
are  septaU^  slightly  granular,  and  chiefl}'^  4  to  H  /i  in  diameter.  (PI. 
II,  i^  a.)  Under  favorable  conditions  the  mycelium  grows  very 
rapidly,  killing  the  fruit  cells  almost  as  fast  as  it  enters  the  health}' 
tissue.  It  grows  toward  the  center  of  the  apple  at  a  rate  about  equal 
to  its  lateral  progress.  After  a  time  these  threads  become  congre- 
gated just  beneath  the  surface  at  certain  points  almost  equidistant  from 
the  point  of  infection,  forming  stromata,  which  give  rise  to  upright 
bundles  of  interwoven  branches.     These  are  the  spore-bearing  hyphse. 


«  Von  St^hrenk  and  Si>aulding.  The  Bitter-Rot  of  Apples,  Bui.  44,  Bureau  of  Plant 
Industry,  U.  8.  Dept.  of  Agriculture,  p.  29.  Saccardo  (Annalea  Mycologioi,  2,  p.  198) 
thinkH  the  name  should  t)e  Glomerella  fructigena  (Clint/^n)  Sarc. 

6  Berkeley,  M.  J.  Gloeottporium  fructigenum,  n.  s.,  Ganleners'  Chronicle,  1S56, 
p.  245. 
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which  rupture  the  skin  and  give  forth  pink  masses  of  conidia^  or  sum- 
mer spores.     (See  PL  II,  6.) 

Shimmer  npareif. — It  is  thought  to  be  chiefly  by  means  of  sommer 
spores  that  this  fungus  is  propagated  and  disseminated,  and  countless 
millions  of  them  may  be  produced  from  one  rotton  spot.  They  ar? 
produced  one  after  another  b}^  abstriction  from  the  ends  of  the  fruiting 
branch(\s  of  the  fungus,  and,  as  previously  explained,  exude  through 
the  ruptured  skin  of  the  apple  in  pink,  sticky  masses  easily  visible  to 
the  naked  eye.  They  are  readily  washed  off  by  the  action  of  dew  and 
rain,  but  upon  drying  become  hard  and  glued  to  the  skin  of  the  apple. 

A  microscopic  examinatij^n  shows  these  spores  to  be  oblong,  alnio;^ 
cylindrical,  one-celled  bodies  with  a  delicate  pale-green  color  and  gran- 
ular contents.  They  vary  in  size,  as  also  in  shape,  but  normallT 
measure  4-5x10-15  fji,     (PI.  II,  ^  a.) 

Ascosporefi, — In  addition  to  the  conidia,  or  summer  spores,  which 
are  produced  so  rapidly  and  in  such  great  numbers,  another  tyi>e  of 
spore  is  produced  on  the  old  rotten  apples  in  the  autmnn  and  probably 
also  the  following  spring.  These  ascospores,  measuring  about  5X20  m 
(PI.  II,  i?),  are  scarcely  distinguishable  from  the  summer  spores, 
but  are  usually  slightly  curved  and  are  borne  in  little  sacs  containing 
8  spores  each.  These  sacs,  or  asci  (PI.  II,  i),  are  produced  inside 
of  little  brownish  six)re  (^ses  (perithecia)  embedded  in  blax?k  nodules 
of  mycelium  on  the  surface  of  the  rotten  apple  or  mummy.  This  c*on- 
stitutes  the  mature  stage  of  the  bitter-rot  fungus  as  first  discovered  by 
Clinton, ''  and  is  proba})ly  a  means  of  carrying  the  fungus  over  winter 
and  starting  infection  the  following  spring.  Von  Schrenk  and  Spauld- 
ing^  found  it  on  limb  cankers  as  well  as  in  aitificial  cultures.  The 
writer  secured  this  stage  of  the  fungus  on  a  number  of  artificially 
inf exited  apples  in  the  laboratory  about  three  weeks  after  inoculation, 
and  it  dovc^loped  on  a  few  rotten  apples  brought  in  from  the  orchard 
and  placed  in  a  moist  chamber,  it  also  developed  abundanth'  in  arti- 
ficial cultures  on  sterilized  potato  and  nutrient  agar  within  six  weeks 
after  inocuhition. 

Gennin(fti(yii  of  the  .yxftrs. — Placed  in  a  drop  of  water  under  a 
microscope,  both  conidia  and  ascospores  may  be  seen  to  germinate 
within  three  or  foui*  hours,  each  spore  throwing  out  one  or  two,  some- 
times three,  germ  tul)es.  (PI.  II,  ./  and  f),)  During  germination  a 
cross  septum  usually  develops  in  the  center  of  the  spore,  which  soon 
})ecoraes  emptied  of  its  contents.  These  germ  tubes  grow  very  rapidly, 
reaching  several  times  the  length  of  the  spore  within  an  hour  aft^r 
germination,  and  then  begin  ])ranching. 

There  is  some  (|uesti()n  as  to  how  the  threads  from  the  germinating 

« Clinton,  G.  V,     Apple  Rot«  in  Illinoip,  Bui.  69,   111.  Agr.  Exp,  fita.,  1902,  pp. 
206-211,  PI.  J. 

''Bui.  44,  Bureau  of  Plant  In<lustry,  U.  S.  Department  of  Agriculture,  1903. 
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spore  find  their  way  through  the  skin  of  the  apple.  The  most  common 
belief  expressed  by  writers  upon  thid  subject  is  that  the  fungus  enters 
through  insect  punctures  or  some  other  abrasion  of  the  skin,  and  it  has 
also  been  suggested  that  the  fungus  could  probably  enter  through  the 
unbroken  skin.  The  writer's  observations  would  indicate  that  a  wound 
is  not  at  all  necessary  for  successful  infection  and  that  the  fungus  most 
commonly  penetrates  the  skin.  Several  hundred  points  of  infection 
were  examined  without  finding  any  indication  of  a  previous  puncture. 
A  large  percentage  of  the  apples  on  the  lui treated  trees  used  as  checks 
in  the  spraying  experiment  had  from  one  hundred  to  a  thousand  points 
of  infection,  and  in  many  cases  the  spots  were  so  thick  that  when  only 
one-sixteenth  of  an  inch  in  diameter  they  overlapped*  In  the  labom- 
tory,  infections  were  easily  made  by  dropping  water  containing  spores 
on  the  unbroken  skin  of  an  apple  in  a  moist  chamber. 

BITTEK-ROT   CANKERS   ON    THE    BRANCHES. 

In  1902  it  was  discovered  by  Mr.  R.  H.  Simpson,  of  Illinois,  that 
limb  cankers  were  associated  with  outbreaks  of  l)itter-rot.  Messrs. 
Burrill  and  Blair",  of  the  Illinois  Agricultural  Experiment  Station,  and 
Messrs.  von  Schrenk  and  Spaulding*,  of  the  Mississippi  Valley  Labora- 
tory of  the  Bureau  of  Plant  Industry,  working  independently,  soon 
established  the  relationship  of  these  cankers  to  the  disease  on  the  fruit 
and  proved  by  inoculation  tests  that  these  cankers  were  caused  by  the 
same  fungus  that  attacks  the  fruit. 

In  describing  this  form,  von  Schrenk  and  Spaulding'  stute  that 
''The  cankers  found  on  apple  trees  in  Illinois  appear  as  blackened 
depressions  on  apple  limbs  of  various  sizes,  from  last  year's  fruit 
spurs  to  limbs  3  to  4  inches  in  diameter.  Thus  far  the  C4inkers  have 
not  been  found  on  the  main  trunk.  On  these  limbs  rounded  or  oblong 
sooty-black  sunken  spots  occur  from  one  to  several  inches  long,  which 
have  more  or  less  ragged  edges.''  Limb  cankers  occur  abundantly  in 
the  Virginia  orchards,  but  the  writer  has  so  far  been  imal)le  to  find 
the  bitter-rot  fungus  associated  with  any  of  tliem.  However,  lim})s 
of  3'^oung  apple  trees  on  the  grounds  of  the  United  Stat(\s  Department 
of  Agriculture  inoculated  with  bitter-rot  spores  rapidly  developed 
these  cankers. 

SOURCE   OF   INFECTION   AND   SPREAD   OF   THE    DISKASE. 

The  question  as  to  the  chief  source  of  the  first  infection  each  year 
has  not  been  satisfactorily  settled,  nor  is  it  definitely  known  how  the 

«Circ.  58,  111.  Agr.  Exp.  Sta.,  July,  1902,  and  Rnl.  77,  111.  Apr.  Exp.  Sta.,  1902,  pp. 
355-357. 
''Bui.  44,  Bureau  of  Plant  Industry,  U.  8.  Dept.  of  Agriculture,  1903,  pp.  29-36. 
<^L.  c,  p.  31. 
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fungus  is  spread  from  tree  to  tree  and  from  orchard  to  orchard.  It 
seems,  however,  that  the  mummied  fruit  and  the  limb  cankers  are  toth 
instrumental  in  carrying*  the  fungus  over  winter  and  starting  the 
annual  infection,  and  that  insects  play  an  important  role  in  the  spread 
of  the  spores. 

During  the  season  of  11W)3  and  again  in  1906  the  writer  visited  i 
number  of  infected  orchards  in  Virginia  and  West  Virginia,  making 
special  observations  upon  this  problem.  The  results  lead  to  the  con- 
clusion that  the  overwintering  mummies  hanging  on  the  trees  consti- 
tute the  chief  source  of  infection,  at  least  in  this  particular  region.  In 
the  majority  of  cases  examined  a  mumm}'  could  be  found  in  the  upper 
portion  of  the  infected  area,  Imt  in  no  case  was  there  found  associated 
with  such  outbreaks  any  cankers  that  could  be  identified  as  bitter-rot 
cankers.  However,  from  observations  made  in  the  Middle  VVest,  Bur- 
rill  and  Blair  ^  and  von  Schrenk  and  Spaulding*  conclude  that  the 
canker  is  the  chief  source  of  early  infection,  the  fungus  being  held  over 
winter  in  the  diseased  limbs  and  producing  spores  for  the  infection  of 
the  new  crop  of  apples.  Hasselbring**  demonstrated  that  the  fungus 
of  bitter- rot  remains  alive  over  winter  in  the  mummied  apples.  It 
seems  possible  that  the  mature  spore  form  of  the  fungus  discovered 
by  Clinton  ma^'  develop  the  following  spring  in  the  mummied  fruits, 
starting  the  infection  on  the  new  crop. 

After  one  apple  on  a  tree  becomes  diseased  and  begins  to  produce 
spores,  further  infections  may  readily  take  place  throu|^h  the  medium 
of  mindrops  which  splash  the  spores  to  adjacent  fruits,  and  heavy 
dews  may  wash  the  sj>ores  to  the  apples  below.  Insects  are  also 
undoubtedly  instrumental  in  disseminating  the  disease,''  and  the^'  are 
possibly  the  chief  carriers  of  the  spores  from  tree  to  tree.  On  the 
other  hand  the  rapidity  with  which  the  disease  frequently  spreads  over 
an  orchard,  practically  destro3ung  the  entire  crop  within  a  few  days. 
suggests  the  idea  that  the  spores  are  carried  on  the  wind,  and  indeeti 
the}"  seem  to  be  onii  J  present  in  the  bitter- rot  districts,  only  awaitin^r 
suitable  weather  conditions.  But  the  spore  masses  l^eing  stick}'  when 
wet  and  glued  to  the  skin  of  the  apple  when  dry,  there  seems  to  be 
little  or  no  chance  for  the  wind  to  carry  the  spores. 

INFLUKNCINCJ   C^ONDITIONS. 

WEATHER. 

The  predominating  conditions  that  influence  the  development  of 
bitter- rot  are  tompei^atuio  and  humidit3\     A  few  days  of  hot  showery 

<»  Bill.  77,  111.  Ajjr.  Kxp.  Sta.,  p.  356.     1902. 

'>  Bui.  44,  Bureau  of  Plant  Industry,  V.  S.  Department  of  Agriculture,  1903,  pp. 
3H-38. 

<^Burrill  and  Blair,  1.  c,  p.  1^54.  i 

t^  Clinton,  O.  C,  Bui.  69,  111.  Agr.  Kxp.  Sta.,  p.  197. 
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weather  may  start  an  epidemic  that  will  destroy  the  entire  crop  of 
certain  varieties,  provided  the  fungus  is  present. 

Mowivre. — Moisture  is  not  only  necessary  for  the  germination  of 
the  spores,  but  it  favors  the  growth  of  the  fimgus  and  hastens  spore 
production.  In  a  moist  atmosphere  the  spores  are  produced  much 
more  rapidly  than  when  the  air  is  dry.  Moreover,  rain  is  an  active 
agent  in  the  spread  of  the  disease,  splashing  the  spores  from  an 
affected  apple  to  adjacent  healthy  fruits.  Heavy  dews  followed  by 
hot  cloudy  days  with  a  humid  atmosphere  appear  to  make  ideal  con- 
ditions for  the  rapid  development  of  this  disease. 

Tempei^atnre. — The  fungus  causing  this  disease  is  decidedly  a  hot- 
weather  fungus  and  rarely  is  a  serious  pest  north  of  latitude  40"^  N. 
July,  August,  and  September  are  the  three  bitter-rot  months,  and  a 
maximum  temperature  near  90^  F.  for  seveml  days  in  succession, 
coupled  with  suitable  moisture  conditions,  is  necessary  to  start  a 
serious  outbreak.  Infection  of  some  fruits  may  take  place  as  early 
as  the  middle  of  June,"  but  the  fungus  grows  slowly  and  fruits  spar- 
ingly until  the  warmer  weather  of  Juh'  increases  its  rate  of  develop- 
ment. In  Virginia,  on  July  10,  1905,  the  writer  observed  bitter-rot 
spots  covering  a  quarter  to  half  of  the  apple.  One  specimen  was 
somewhat  more  than  half  involved  in  rot,  and  the  numerous  rings  of 
spore  masses  indicated  that  the  fungus  had  been  fruiting  a})undanth^ 
for  days,  and  the  infection  had  doubtless  taken  phice  a  couple  of  weeks 
earlier.  The  varietv  was  Yellow  Newtown,  and  the  fruit  was  scarcelv 
more  than  half  grown.  The  proper  combination  of  heat,  moisture, 
and  an  abundance  of  spores  may  not  occur  until  August  or  September, 
or  in  some  seasons  not  at  all. 

The  fungus  is  so  influenced  by  the  heat  of  the  sun,  and  perha])s  by 
the  light  also,  that  the  fruit  on  the  south  side  of  a  tree  ma^'  become 
badly  affected  before  the  disease  is  noticeable  on  the  opposite  side. 
Stinson  *  observed  this  fact,  and  in  the  Virginia  orchards  the  writer 
found  that  almost  invariablv  the  fruit  on  the  sunnv  side  wtus  destroved 
first,  and  oftentimes  a  portion  of  the  crop  on  the  north  side  would 
escape  when  the  destruction  was  complete  on  the  south  side.  This 
held  true  not  only  in  the  particular  orchard  under  experimentation, 
but  in  many  orchards  visited  during  the  outbreak  of  1903,  and  during 
the  past  season  as  well.  Moreover,  it  was  observed  that  fruit  on  the 
inside  lower  branches  well  protected  from  the  sun  was  less  attacked 
and  often  escaped  when  that  on  exposed  portions  of  the  same  tree  was 
destroyed.  Owing  perhaps  to  exposure  to  the  sun  there  was  a  con- 
siderably higher  percentage  of  rotten  fruit  on  trees  partly  defoliated 
with  leaf-spot  fungi  than  in  the  case  of  trees  with  full  foliage.  Not 
only  is  the  fruit  on  the  sunny  side  of  the  tree  worse  affected,  Imt  the 

«See  Burrill  and  Blair,  Bui.  77,  111.  Agr.  Exp.  Sta.,  p.  332. 
ft  Bui.  1,  Mif«ouri  State  Fruit  Experiment  Station,  p.  6. 
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points  of  infection  are  more  commonly  located  on  the  sunny  side  of 
the  apple.  Although  infections  were  frequently  found  on  the  shaded 
side  of  the  apple,  in  the  majority  of  cases,  according  to  the  writers 
observations  during  the  past  season,  the  rotten  spots  developed  on  the 
side  exposed  to  the  sun. 

Cold  Is  decidedly  unfavorable  to  the  fungus  and  it  rareh"  does  any 
damage  during  a  cool  season.  An  outbreak  may  be  almost  completely 
checked  by  a  few  days  of  cool  weather,  especially  when  the  mean  tem- 
perature remains  below  70^  F.  Late  infections  that  take  place  with 
the  approach  of  cool  fall  weather  usually  remain  as  a  brown  speck 
encircled  with  a  red  or  purplish  ring.  However,  the  fungus  grows 
somewhat  in  the  average  fall  weather,  and  if  the  temperature  runs  up 
to  summer  heat  the  picked  fruit  may  rot  considerably  in  piles  or  in 
barrels  in  the  orchard.  This  emphasizes  the  desii'ability  of  rushing  the 
fruit  to  cold  storage  or  to  market  as  soon  as  picked.  In  storage  at  a 
temperature  of  35^  F.  the  fungus  does  not  grow,  and  spots  previously 
started  by  inoculation  develop  no  further  after  being  stored  at  this 
temperature. 

HUSCEPTIBILITY   OF    DIFFEBENT   VARIETIES. 

There  is  a  wide  range  of  variation  in  the  susceptibility  of  the  dif- 
ferent varieties  of  apples  to  injury  from  bitter-rot.  In  Virginia  the 
Yellow  Newtown  (or  Albemarle  Pippin)  is  preeminently  the  most  sus- 
ceptible commercial  variety.  On  the  other  hand,  the  Winesap  is 
equally  conspicuous  for  its  resistance  to  the  disease.  When  in  close 
proximity  to  a  badly  rotting  variety  the  Winesap  may  become  infected, 
but  the  points  of  infection  usually  remain  as  mere  specks,  rarely  grow- 
ing to  any  size.  The  fungus  does  not  seem  to  thrive  on  this  variety 
and  the  production  of  spores  is  scant.  The  Ben  Davis,  although  one 
of  the  most  susceptible  varieties  in  the  Middle  West,  shows  a  com- 
paratively slight  tendency  to  rot  in  Virginia,  rarely  losing  more  than 
25  per  cent  of  its  crop.  York  Imperial,  the  variety  most  extensively 
grown  in  the  Valley  of  Virginia,  is  less  susceptible  than  Ben  Davis, 
being  rarely  attacked  to  a  serious  extent.  The  Grimes  also  rots  very 
little; 

From  rather  extensive  o])servations  made  during  1903  and  1905  in 
Virginia  and  West  Virginia  the  writer  has  prepared  the  accompanying 
list  of  varieties  in  the  order  of  their  susceptibility  to  bitter-rot.  This 
list  includes  only  such  varieties  as  the  writer  examined  in  orchards 
where  bitter-rot  wai<  found,  and  the  data  are  not  sufficiently  extensive 
to  be  entirely  reliable.  Those  varieties  almost  equally  susceptible  are 
grouped  together,  the  first  group  representing  those  that  frequently 
lose  their  entire  crop,  the  second  group  those  that  in  a  bad  season  may 
be  expected  to  lose  50  to  75  per  cent  of  their  crop,  the  third  group 
those  that  rarely  suflFer  more  than  25  per  cent  loss,  and  the  fourth 
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group  those  on  which  the  writer  has  never  found  the  disease.     These 
groups  are  as  follows: 

1.  Yellow  Newtown  (or  Albemarle  Pippin),  Shackleford,  Bentley, 
Gibbs,  and  Missouri. 

2.  Arkansas  Beauty,  Limbertwig,  Rhode  Island,  York  Stripe, 
Huntsman,  Pilot,  Peck,  Northern  Spy,  Jonathan,  Northwestern 
(rreening,  Fall  Cheese,  Stark,  (xreen  Sweet,  and  Nero. 

3.  Grimes,  Ben  Davis,  York  Imperial,  Gano,  Arkansas,  Ivanhoe, 
and  Winesap. 

4.  CoflFelt,  Bismarck,  Pewaukee,  Stuart  Golden,  Pryor,  Salome, 
Scarlet  Cranberry,  Oliver,  Roxbury,  Lankford,  Loy,  Ralls,  Craw- 
ford, Carlough,  and  Akin. 

Mr.  F.  W.  Faurot,  of  the  Missouri  State  Fruit  Experiment  Station, 
a  collaborator  of  the  Department  of  Agriculture,  has  kindly  furnished 
the  following  information  relative  to  the  susceptibility  of  the  different 
varieties  of  apples  in  the  State  of  Missouri.  He  has  arranged  the 
varieties  in  their  approximate  order,  with  the  most  susceptible  varie- 
ties first,  in  four  classes,  which  do  not  necessarily  coincide  with  the 
four  classes  given  above.     They  are  as  follows: 

1.  Willow  and  Huntsman. 

2.  Ben  Davis,  Gano,  Ingram,  Smith,  Rome,  York  Imperial,  Clay- 
ton, Nickajack,  and  Nixonite. 

3.  Lowell,  Porter,  and  Maiden  Blush. 

4.  Arkansas,  Arkansas  Black,  Jonathan,  Grimes,  Winesap,  and 
Gilpin. 

Mr.  Faurot  writes  concerning  this  list  as  follows: 

In  some  seasons,  however,  this  third  group  comes  next  to  Willow  and  Huntsman, 
for  when  they  bitter-rot  at  all  the  whole  crop  usually  goes,  especially  Lowell  and 
Porter.  The  reason  I  put  them  third  is  because  some  seasons  they  are  out  of  the 
way  before  bitter-rot  attacks  them  or  begins  to  develop  with  any  degree  of  severity. 

The  varieties  given  constitute  about  all  of  those  that  are  grown  commercially  in 
south  Missouri.  Aside  from  these,  however,  I  have  observed  bitter-rot  on  very 
nearly  every  variety  of  apple  that  I  have  seen  growing  in  the  State,  including  such 
varieties  as  the  ordinary  Russets,  Lawver,  Northern  Spy,  Stevenson  Pippin,  Baldwin, 
and  many  others  that  are  grown  only  a  few  trees  in  a  place.  I  have  never  seen  it, 
liovvever,  on  White  Pearmain,  Yellow  Transparent,  or  Red  Astrachan.  This,  is 
merely  my  personal  observation,  however,  and  I  have  no  doubt  that  it  occurs  on 
these  varieties  the  same  as  on  others,  although  I  have  not  seen  it. 

BEMEDIAIi  MEASTJBES. 

Although  bitter-rot  has  been  known  in  this  country  as  a  serious 
apple  disease  for  at  least  thirty-five  years,  it  seems  that  no  attempt 
was  made  to  find  a  remedy  for  it  until  about  1888.  During  that  year 
Gallowa}^"  planned  some  experiments  for  the  control  of  this  disease, 

a  Galloway,  B.  T.    Sulphuret  of  Potassium  for  Bitter-Rot  of  the  Apple.    Journal  of 
Mycology,  vol.  V,  1889,  pp.  37-38. 
16681— No.  93—06 2 
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which  were  carried  out  by  Mr.  J.  W.  Beach,  of  Batavia,  Ark.  Sul- 
phiiret  of  potassium  was  the  fungicide  used,  and  the  results  reported 
were  somewhat  encouraging.  In  1889  Galloway  also  directed  a  series 
of  experiments  on  the  treatment  of  this  disease  in  Virginia.  Potas- 
sium sulphid  and  ammoniac^l  copper  carbonate  were  used,  and  Mr. 
George  (i.  Curtis,*"  who  did  the  spra3ung,  reported  good  results  from 
both. 

The  investigations  thus  begun  were  soon  followed  with  remedial 
experiments  by  several  experiment  stations  workers,  notably  Alwood,* 
Garman,^'  Stinson,^  and  Whitten,'  all  of  whom  reported  favorable 
though  not  entirely  satisfactory  results  from  spraying  with  copper 
compounds. 

Since  the  severe  outbreak  of  1900,  etforts  to  control  this  disease 
have  been  continued  with  renewed  interest,  and  several  papers  report- 
ing results  of  remedial  ex|>eriments  have  been  published.  In  1901 
Quaintance,-^  in  writing  of  experiments  conducted  in  Georgia  the  pre- 
ceding year,  stated  that  '•  the  results  are  much  in  favor  of  four  appli- 
cations of  Bordeaux,  not  only  in  quantity  of  fruit  but  in  size  and 
appearance,  and,  as  developed  later,  in  keeping  quality."  Some  of 
the  best  results  that  have  come  to  the  writer's  attention  are  those 
reported  by  Stinson  in  1901. J''  '  One  plot  sprayed  five  times  gave  '*59 
per  cent  of  the  fruit  free  from  bitter-rot,''  another  spi-ayed  four  times 
gave  "78  per  cent  of  the  fruit  free  from  bitter-rot,"  while  one  check 
plot  had  only  "1.6  per  cent  of  the  fruit  free  from  bitter-rot"  and 
another  "14  per  cent  of  the'fruit  free  from  bitter-rot."  In  1902*  the 
same  writer  published  the  results  of  another  series  of  experiments 
showing  beneficial  results  from  sprajnng. 

As  a  result  of  their  investigation  in  1902,  Burrill  and  Blair*  recom- 
mended a  svstematic  search  for  and  removal  of  the  diseased  fruits  and 
infecting  cankers  or  mummies,  stating  that  "  the  canker  and  infested 
fruit  should  be  removed,  taking  care  not  to  distribute  the  infection  in 

^K'urtis,  Goorjje  G.  Treatment  of  Bitter- Rot  of  the  Apple.  Bui.  U,  Section  of 
Vegetable  Patliology,  V.  S.  Dept.  of  Agriculture,  1890,  pp.  38-41. 

&Alwood;  William  B.  Bitter-Rot.  Bui.  17,  Va.  Agr.  Exp.  Sta.,  1892,  pp.  61-62 
and  64-65.  Also  Rijm-Rot,  or  Bitter- Rot  of  Apple.  Bui.  40,  Va.  Agr.  Exp.  Sta., 
1894,  pp.  59-82. 

f  Garman,  II.     Bui.  44,  Ky.  Agr.  Exp.  h?ta.,  1893,  pp.  3-24. 

''Stinson,  John  T.     Bitter-Rot.     Bui.  26,  Ark.  Agr.  Exp.  Sta.,  1894,  pp.  33-34. 

''Whitten,  J.  C.  The  Bitter-Rot.  Bui.  31,  Mo.  Agr.  Exp.  Sta.,  1895,  pp.  3-4 
and  7-15. 

/(^uaintance,  A.  L.  Bitter-Rot  of  Apples.  Thirteenth  Annual  ReiK)rt,  (ia.  Ex}». 
Sta.,  pp.  3H()-3()1  and  IM.  IX. 

i/ Stinson,  Jolni  T.  Preliminary  Report  on  Bitter-Rot  or  Ripe-Rot  of  Apples.  BuL 
1,  Mo.  State  Fruit  Exp.  Sta..  pp  .S-21. 

/'Stinson,  John  T.  Notes  on  Spraying  for  Bitter-Rot.  Bui.  2,  Mo.  State  Fruit 
Exp.  Sta,,  pp.  3-20. 

<Bul.  77,  111.  Agr.  Exp.  Sta.,  p.  366, 
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the  proiiess.  This  is  of  the  utmost  importance  if  the  contagion  is  to  be 
stopped."  They  also  state  that  '^the  disease  can  be  kept  in  check 
during  the  summer  by  repeated  applications  of  Bordeaux  mixture."  In 
a  paper  read  before  a  meeting  of  the  Illinois  State  Horticultui-al  Society, 
Burrill  ^'  reports  experiments  conducted  in  three  counties  of  southern 
Illinois,  showing  that  the  disea.se  yielded  to  applications  of  Bordeaux 
mixture.  The  results  of  these  experiments  indicate  especially  the 
importance  of  early  spraying. 

Reporting  upon  two  years'  experiments,  von  Schrenk  and  Spaul- 
ding*  state  that  "to  a  certain  extent,  varying  from  10  to  75  per  cent, 
Bordeaux  mixture  surely  does  prevent  the  I'avages  of  the  bitter- rot." 
They  also  strongly  recommend  the  removal  of  diseased  fruits,  mum- 
mies, and  limb  cankers. 

THE  VTRGINIA  EXPEBIMENTS. 

The  orchard  of  Mr.  W.  H.  Goodwin,  in  which  the  experiments  were 
conducted,  is  situated  on  a  spur  of  the  Blue  Ridge  Mountains,  in  Nelson 
County,  a>)out  5  miles  south  of  Afton.  This  and  the  adjacent  count}' 
of  Albemarle  have  long  been  famous  for  their  production  of  the 
Yellow  Newtown  (or  Albemarle  Pippin)  apples,  some  trees  of  which 
are  100  years  old  and  still  thriving.  This  variety  is  not  subject  to 
serious  injury  from  apple  scab,  nor  does  it  suffer  materially  from  the 
leaf -spot  diseases,  and  until  the  advent  of  bitter-rot  magnificent  crops 
were  secured  in  this  section  without  spraying. 

Mr.  Goodwin's  orchard  has  a  northern  exposure,  with  an  elevation 
of  from  1,000  feet  on  the  lower  side  to  about  1,250  feet  at  the  upper 
side.  The  land  is  very  steep,  having  an  incline  of  almost  forty-five 
degrees  in  some  places,  and  an  extra  man  with  a  lever  is  required  in 
spraying  to  prevent  the  wagon  from  upsetting.  The  soil  is  dark 
brown,  almost  black,  deep,  and  fertile,  such  as  is  known  throughout 
that  section  as  ''pippin'"  soil.  The  stones  that  almost  completely 
covered  the  ground  have  been  piled  up  in  windrows,  and  a  deep  furrow 
has  been  plowed  between  the  tree  rows  in  which  to  run  the  upper 
wheels  of  the  spray-wagon,  to  avoid  turning  over.  Above  the  middle 
of  the  orchard  is  a  spring  with  a  flow  of  five  to  eight  gallons  a  minute, 
which  affords  an  ample  supply  of  water  for  spmying  purposes. 

The  bearing  orchard  is  composed  of  about  800  trees  of  Yellow  New- 
town 18  to  23  years  old,  500  Winesaps  8  to  23  years  old,  and  200  York 
Imperials  8  years  old.  There  are  also  a  number  of  young  trees  not 
yet  in  bearing.  Mr.  (Joodwin  staxtes  that  the  original  forest  was 
removed  and  the  trees  planted  the  second  year  after  clearing,  and 
that,  as  a  mle,  crops  of  corn  or  tobacco  were  grown  between  the  rows 

«  Burrill,  T.  J.  Kxi)eriinentM  in  Sprayiiijj  for  Bittor-Rot.  Trans.  111.  State  Hort. 
hk)C.,  1902,  54-66. 

f>  Bui.  44,  Bureau  of  Plant  InduHtry,  U.  S.  Dept.  of  Agriculture,  1903,  pp.  38-45. 
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until  the  trees  came  into  hearing,  or  ahout  twelve  to  fifteen  years. 
Then  the  land  was  usually  left  uncultivated.  A  portion  of  it,  includ- 
ing the  experimental  hlock,-  is  now  in  sod,  having  been  seeded  to 
orchard  gi*ass  in  1902. 

According  to  Mr.  Goodwin,  bitter-rot  first  appeared  in  this  orchard 
to  a  noticeable  extent  in  1899,  and  in  1901  it  did  considerable  damage. 
In  1903  the  trees  received  three  early  applications  of  Bordeaux  mix- 
ture, and  on  September  13  of  that  year  the  writer  visited  the  orchard 
and  roughh'  estimated  the  loss  from  bitter-rot  at  40  per  cent.  When 
the  crop  was  harvested,  a  few  days  later,  Mr.  Goodwin  estimated  the 
loss  at  about  60  per  cent.     Since  90  per  cent  of  the  crop  was  lost  in 

some  unsprajed  or- 
chards in  the  same 
neighborhood,  it 
appeared  that  the 
treatment  had  some 
effect.  In  1904  there 
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«  Only  the  Yellow 
I  Newtown  variety 
wa^  used  in  this  ex- 
periment, the  Wine- 
sap  and  York  Im- 
perial not  being 
subject  to  serious 
loss  from  rot  in  this 
section.  As  may 
be  seen  from  the  ac- 
companying  plat 
(fig.  1),  35  trees 
were  included  in  the  cx[)erimont.  They  arc  19  years  old  and  about  :i5 
feet  high,  with  a  spread  of  about  25  feet.  These  trees  have  bi*cn 
pruned  by  thinning  out  the  conflicting  branches,  and  have  developed 
into  the  broad,  low,  somewhat  pyramidal  type  naturally  assumed  by 
this  variety.  The  block  is  situated  below  the  middle  of  the  orchard, 
with  23-year-old  trees  of  the  same  variety  on  the  east  and  a  young 
orchard  not  yet  in  bearing  on  the  west.  Below  (north  side)  is  a  block 
of  young  bearing  trees  of  the  same  variety,  the  crop  of  which,  not 
being  properly  sprayed,  rotted  badly.  On  the  upper  side  is  a  block 
of  young  trees  not  yet  in  bearing. 


Fi(i.  1. — Plat  of  the  block  of  troes  used  in  the  <*xx>eriment. 


«As  a  rule,  apple  trees  in  this  set^tion,  especially  the  Yellow  Newtown,  bear  only 
every  other  vear. 
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THE   PLAN   OF  THE   EXPERIMENT. 

Object. — This  experiment  was  designed  to  determine  (1)  to  what 
extent  bitter-rot  could  be  controlled  by  spraying  with  Bordeaux  mix- 
ture, {^1)  the  number  of  applications  requii*ed,  and  (3)  the  proper  time 
to  make  these  applications.  Owing  to  the  influence  of  weather  condi- 
tions upon  this  disease  it  wa.s  not  expected  that  answers  to  all  these 
questions  could  be  obtained  in  a  single  season;  but  the  season  of  1905 
was  so  favorable  to  bitter-rot,  the  disease  appearing  so  early  and  con- 
tinuing with  such  force  throughout  the  season,  that  the  results  obtained 
are  believed  to  be  a  safe  guide  for  almost  any  season. 

Sjjraylng  Hciieme, — In  order  to  solve  the  questions  just  enumerated 
it  was  necessary  to  cover  the  entire  season  with  a  var3'ing  number  of 
applications,  using  a  process  of  elimination  in  the  plan  as  shown  in 
Xable  II  (p.  23).  As  may  be  seen  by  reference  to  this  table,  the  dates 
of  the  successive  applications  were  as  follows:  April  8,  May  1,  May  9, 
•June  12,  June  27,  July  10,  eJuly  25,  August  7,  August  22,  and  September 
4:.  The  first  date  was  just  after  the  cluster  buds  had  opened,  exposing 
the  blossom  buds,  but  before  the  latter  had  opened;  the  second  just 
i^kfter  the  petals  had  fallen,  and  the  third  application  eight  days  later. 
The  fourth  date  was  about  six  weeks  after  the  petals  had  fallen,  the 
.^^ubsequent  dates  being  at  intervals  of  about  two  weeks.  The  object 
of  the  first  three  applications  was  to  combine  the  treatment  of  apple 
scab  with  that  of  bitter-rot  and  to  determine  their  effect  upon  the  latter. 
As  shown  in  Table  II,  one  group  of  plots  (Nos.  1  to  5)  receiving  three 
to  nine  applications  had  one  or  more  of  the  late  sprayings  omitted. 
From  another  group  (Plots  9  to  12)  the  early  applications  for  scab  were 
omitted.  Plots  15, 16, 17,  and  12,  receiving  four  applications  each,  were 
designed  to  determine  the  period  at  which  spraying  gives  the  best 
results.  Plots  7  and  S  combine  early  and  late  spraying,  leaving  an  early 
inidseason  interval  that  proved  in  this  case  to  be  too  long.  Plot  6  was 
sprayed  just  before  the  trees  bloomed,  as  soon  as  the  blossoms  were 
shed,  and  eight  days  later  (the  usual  apple-scab  treatment),  and  every 
two  weeks  from  June  12  to  September  4,  receiving  ten  applications  in 
all.  It  was  intended  that  Plot  9  should  be  spra^'^ed  at  intervals  of  two 
weeks,  beginning  June  12,  making  the  treatment  for  this  plot  the  same 
as  No.  6,  with  the  three  early  applications  omitted;  but  the  writer  inad- 
vertently overlooked  the  first  date.  Therefore,  in  order  to  avoid  dupli- 
cating No.  10,  two  more  applications  were  dropped  out  of  No.  9  later 
in  the  season.  The  original  scheme  included  Plots  13  and  14r,  which 
were  to  have  received  the  last  three  and  the  last  two  applications, 
respectively;  but  when  the  time  arrived  for  their  treatment  to  begin 
the  crop  on  them  was  already  destroyed  by  the  rot  and  they  were 
therefore  dropped. 

Each  plot  (consisted  of  but  two  trees.  There  were,  then,  in  the 
experimental  ])lock  fifteen  treat(  d  plots  of  two  trees  each  and  five 
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untreated  trees  used  as  checks.  By  referring  to  the  plat  of  the 
block  (tig.  1)  it  will  l)e  seen  that  the  checks  (A,  B,  C,  D,  and  E) 
were  well  scattered  among  the  sprayed  trees.  Plot  1,  at  the  lower 
left-hand  corner,  practically  amounted  to  a  check,  as  it  reoeivcnl  only 
the  three  early  appli(*ations,  and  62  percent  of  the  crop  rotttnl.  Check 
A  is  near  the  lower  right-hand  corner  and  B  just  below  the  center, 
while  C  and  D  are  near  the  upper  left-hand  corner  and  E  at  the 
upper  right-hand  corner.  Other  trees  were  originally  set  aside  a^ 
checks,  but  when  it  was  found  that  bitter-rot  was  developing-  abun- 
dantly on  all  of  them  some  were  sprayed  in  order  to  reduce  the  loss  to 
the  owner.  Two  trees  to  the  plot  might  seem  at  tirst  thought  insuffi- 
cient for  determining  the  Ix^st  results  from  the  spraying,  but  the  tree* 
are  quite  lai'ge,  yielding  about  20  to  85  bushels  each.  Moreover,  the 
plots  are  almost  in  duplicate,  there  being  a  difference  usually  of  only 
one  application  in  adjacent  plots. 

• 

WEATHER  CONDrriONS  ATTENDING   THE   EXPERIMENT. 

Better  conditions  for  a  severe  test  of  spraying  could  scarcely  be 
desired.  As  will  be  seen  from  the  following  weather  table ",  there 
was  an  abundance  of  rain  throughout  the  seavson  and  considerable  high 
temperature.  Beginning  June  10  it  rained  every  da}'  except  one  until 
June  25,  and  during  that  period  the  temperature  ranged  high,  reach- 
ing 89^  F.  on  the  18th,  94-  F.  on  the  19th,  90^  F.  on  th^e  2()th,  8i*^  F. 
on  the  21st,  and  92'^  *F.  on  the  22d.  This  combination  of  moisture 
and  heat  made  an  ideal  infection  period.  The  conditions  during  July 
were  also  favorable  to  bitter-rot.  It  rained  every  daj-  during  the  first 
week  and  continued  at  intervals  throughout  the  month.  The  tempera- 
ture reached  94"^  F.  on  July  18,  and  was  92'^  F.  on  the  preceding  and 
the  following  day.  The  orchard  was  fretiuently  enveloped  in  fog-  and 
the  dews  were  usually  very  heavy.  As  a  consequence  all  unsprayed 
trees  showed  bitter-rot  earlv  in  the  month,  and  bv  the  end  of  the 
month  the  disease  was  well  under  wav.  This  ideal  bitter-rot  weather 
continued  through  August,  and  l)efore  the  end  of  that  month  the 
crop  on  all  unsprayed  trees  was  practically  destroyed.  The  crops  in 
the  unsprayed  orchards  in  the  neighborhood  were  also  badly  affected. 
showing  that  the  outbreak  of  bitter-rot  was  general  in  that  region. 

«No  exact  irieteorolojrit^l  data  iKjiiig  available  for  the  immediate  vicinity  in  which 
the  exijerinieiits  were  conchicted,  data  are  given  for  Charlottesville,  Va.,  the  neiire!4 
point  where  jxjrmanent  records  are  kept,  a  distance  of  about  26  miles  from  the  site 
of  the  orchard  used  for  the  exj)eriment.  The  weather  conditions  appeare<l  to  l»e 
Himilar  in  the  two  sections,  and  the  table  may  be  considered  fairly  representative  of 
the  conditions  that  prevailed  in  the  orchanl.  The  <Uita  are  from  the  monthly 
reports  of  the  Vii^inia  Section  of  the  Climate  and  Crop  Service  of  the  Weather 
Bureau. 
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T  ABLE  I. — DaUy  maximum  andminimum  temperatures  and  precipitfUion  at  CkarloUesrille, 

Va . ,  for  Ju7ie,  Jnlijj  and  August ,  1905. 


June. 

July. 

Angxai. 

Day  of  month. 

Temperature. 

Precip- 

Temperature, 

Precip- 

Temperature. 

Precip- 

Maxi- 

Mini- 

itation. 

Maxi- 

Mini- 

itation. 

Maxi- 

Mini- 

itation. 

mum. 

mum. 

mum. 

mum. 

Inchei. 

mum. 

mum. 

°F. 

Jjiches. 

op^ 

op 

op 

°F. 

Inches. 

1 

68 
79 
76 
81 
89 
92 
80 
71 
77 
81 
83 
86 
87 
86 
86 
85 
86 

52 
62 
54 
65 
67 
71 
60 
60 
63 
54 
63 
69 
66 
66 
69 
69 
69 

0.08 
.04 

'"'i.69 
Trace. 

'""'.'is" 

.01 

72 

87 
•87 
89 
82 
86 
86 
87 
87 
87 
86 
84 
77 

64 
68 
65 
66 
66 
67 
64 
70 
66 
68 
69 
67 
68 

0.48 
.30 
.06 

2.70 
.12 
.33 
.62 

"".19 
.82 
.16 
.63 

80 
84 
84 
88 
86 
91 
90 
76 
84 
85 
87 

61 
62 
64 

"68     * 
67 
64 
66 
67 
69 
68 

2 

8 .• 

4 

0.02 

5 

6 

7 

.75 

8 

.02 

9 

1.67 

10 

.53 

11 

.11 

12 

88  1      71 

89  67 
82            66 
87            69 
86            69 
70            59 

.07 

13 

.01 

14 

87            66 
89             66 

.14 

15 

1.06 

16 

87 
92 

68 
72 

17 :....::::::::..::::.. 

18 

89 

70 

.05 

94 

74 

76            68 

19 

94 

67 

.62 

92 

73 

75            68 

20 

90 

67 

2. -22 

89 

69 

.70 

82      ;      69 

21 : 

89 

66 

.70 

85 

70 

.27 

87 

65 

92 

69 

77            64 

2.64 

89 

66 

•23 

83 
76 

69 
66 

.82 
1.60 

.01 

88 
88 

66 
63 

24 

*  86 

62 

.86 

25 

84 

62 

.04 

80 

63 

77 

64 

.86 

26 

87 

68 

81       ,      62 

77 

63 

.07 

27 

74 

61 

81       '      61 

74 

69 

2*< 

88 

57 

74             64 

.09  , 

77 

50 

29 

80 

68 

86            64 

.03! 

87 

66 

30 

82 

62 

84            61 

89 

70 

31 

77            66 

83 

71 



Total 

8.00 

........  ........i 

10.14 

•     1 

6.67 

Ki.Q 

62.9 

84. 6         66. 2 

83.2  '      64.2 

RESULTS. 

The  results,  as  indicated  below,  are  due  entirely  to  spraying,  no  effort 
having  been  made  to  check  the  rot  by  an}'  other  measure.  No  mum- 
mies or  cankers  were  removed,  and  the  apples  that  became  infected 
were  allowed  to  remain  on  the  trees  until  the  crop  was  picked  or  until 
they  dropped.  Those  that  fell  to  the  ground  were  left  under  the  trees 
until  picking  time.  The  hands  that  worked  in  the  orchard  were  spe- 
cially instructed  not  to  remove  any  of  the  diseased  apples  from  the 
experimental  block.  The  object  was  to  test  the  value  of  Bordeaux  mix- 
ture under  the  most  adverse  conditions,  and  all  possible  sources  of 
infection  were  left  undisturbed. 

On  July  10,  specimens  of  bitter-rot  apples,  some  of  which  are  shown 
in  Plate  I,  could  be  found  here  and  there  in  the  orchard,  especially  on 
unsprayed  trees,  and  two  weeks  later  (July  24)  each  tree  was  exam- 
ined by  walking  around  it  and  looking  for  infected  fruits.  The  dis- 
eased fruits  were  countied,  and  a  general  idea  of  the  condition  on  that 
date  may  be  conveyed  by  the  following  summaiy  of  the  notes  made  at 
that  time: 

On  each  of  the  checks  (A   to  E)  100  to  250  affected  fruits  were 
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counted  without  climbing  the  trees,  which  probably  means  an  infec- 
tion of  10  to  15  per  cent  of  the  crop,  since  there  must  have  been  many 
diseased  fruits  unseen. 

Plot  1  showed  about  21  diseased  fruits  on  each  tree. 

Plot  2  showed  5  diseased  fruits  on  one  tree  and  6  on  the  other- 
Plots  3,  4,  and  5  showed  1  to  3  diseased  fruits  on  each  tree. 

Plot  6  showed  no  rot. 

Plots  7  and  8  showed  9  to  30  diseased  fruits  on  each  tree. 

Plots  9  and  10  showed  7  to  18  diseased  fruits  on  each  tree. 

Plot  11  showed  22  diseased  fruits  on  one  and  36  on  the  other  tree. 

Plot  12,  which  had  not  been  sprayed,  showed  112  diseased  fruits  on 
one  and  150  on  the  other  tree. 

Plot  15  showed  25  affected  fruits  on  one  tree  and  35  on  the  other. 

Plot  16  showed  6  affected  fruits  on  one  tree  and  10  on  the  other. 

Plot  17  was  apparently  still  free  from  bitter-rot. 

The  above  is  sufficient  to  indicate  that  in  practically  every  tree  there 
was  an  abundant  supply  of  spores  for  a  serious  outbreak  of  the  disease, 
and  that  wherever  Bordeaux  mixture  was  lacking  the  fungus  became 
rampant. 

It  was  almost  impossible  with  the  equipment  used  to  spray  the  top^ 
of  most  of  the  trees  thoroughly,  and  later  examinations  showed  that 
some  bitter-rot  occurred  in  the  top  of  every  tree.  Every  rain  must 
have  washed  down  an  abundance  of  spores  from  diseased  apples  in  the 
tops  to  fruits  below. 

In  Table  II  the  results  from  the  two  trees  in  each  plot  are  combined, 
and  the  windfalls,  both  rotten  and  sound,  are  included.  As  a  rule, 
half  to  three-fourths  of  the  rotten  fruit  was  on  the  ground  at  picking 
time.     This  was  true  of  sprayed  as  well  as  unsprayed  trees. 

The  crop  of  the  experimental  block  was  picked  and  sorted  on  Sep- 
tember 19  to  23,  inclusive,  and  the  result  from  each  tree  kept  separate. 
The  fruit  on  the  ground  was  picked  up  and  classified  into  sound  and 
rotten,  and  the  fruit  picked  from  the  tree  was  likewise  classified. 
Sound  fruit  constituted  every  apple  free  from  bitter-rot,  regaixiless  of 
codling  moth  or  scab.  All  fruits  that  were  unmistakably  affected  with 
other  rots,  such  as  Sphseropsis,  Penicillium,  and  Monilia,  were  dis- 
carded and  not  included  in  either  class.  As  a  rule,  this  did  not  exceed 
3  per  cent  of  the  crop.  Wherever  there  was  any  doubt,  however,  the 
trouble  was  charged  to  bitter-rot. 

The  final  results  of  these  experiments  are  shown  in  Table  II,  and  it 
will  be  seen  from  this  table  that  in  every  treated  plot  Bordeaux  mixture 
had  a  beneficial  effect  regardless  of  the  time  of  application,  and  that 
where  the  trees  were  properly  sprayed  the  loss  was  less  than  5  percent 
of  the  crop,  while  the  untreated  trees  suffered  a  total  loss.  It  is  rare 
that  such  results  are  obtained  in  the  treatment  of  a  plant  disease. 
With  the  exception  of  leaf -curl  of  the  peach,  leaf-blight  of  the  pear. 
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and  possibly  apple  scab,  these  results  would  indicate  that  bitter-rot 
yields  more  completely  to  treatment  than  any  other  disease  known  to 
the  writer.  The  infection  period  of  bitter-rot  being  much  longer,  a 
greater  number  of  applications  are  required  to  secure  protection 
throughout  the  season,  but  it  would  seem  that  an  apple  coated  with 
Bordeaux  mixture  would  not  be  attacked  by  bitter-rot  even  under 
conditions  othei-wise  most  favorable  to  the  fungus. 

Table  II. — Scheme  of  spraying  at  Avorif  la.,  during  the  seagon  of  1905  y  and  iU  remdU, 


Treatment  with  Bordeaux  mixture  (.V5-50 
formula). 


Picked  Sept.  19  to  28. 


Plot  numbers  (2  trees  to    i 
each  plot). 


1.. 

2... 

8-. 

4.. 

5.. 

6.. 

A  . 

7.- 

8.. 

9.- 

B  . 

lO. 

11. 

12. 

C  . 

D  - 

15. 

lf». 

17. 

R  . 


• 

QC 

r-t 

a» 

>» 

>> 

0. 

es 

efl 

< 

S 

^ 

If 

r-t 


c 


• 

2 

^ 

.^     ?J 

^  ' 

3 

July 

•     1        ■ 

Sound 
fruit. 


fr 
ff 
ff 
ff 
ff 


ff 
ff 
ff 
ff 
ff 


ff 
ff 
ff 
ft 


If 
ff 
ff 
ff 


ff 
ff 

If 
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Check— one  untreated  tree. 
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Check— one  untreated  tree 
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BtuheU. 
18.50 
47.50 
56.00 
54.00 
32.75 
68.50 

.00 

56.60 

7.00 

•     28.50 

.00 
69.00 
42.25 
28.60 

.00 

.00 
52.25 
52.50 
40.00 

.25 


Rotten 
fruit. 


BusheU. 

30.25 

22.50 

2.00 

1.75 

1.15 

.70 

10.00 

14.00 

6.50 

6.00 

17.00 

6.50 

6.50 

24. 75 

13.00 

20.75 

5.25 

3.75 

5.00 

16.25 


Percent- 
age of 
sound 
fruit. 


37.9 
67.8 
96.5 
96.8 
96.6 
98.9 

nOO.O 
80.1 
51.8 
82.6 

«00.0 
90.0 
86.6 
53.5 
00.0 

«00.0 

90.8 

93.3 

88.8 

1.5 


ci  Of  the  check  treen.  A  had  1  .sound  apple,  B  6,  and  D  2,  but  the  percentaji^es  were  too  small  to  show 
in  the  table. 

In  the  first  column  on  the  left  of  this  table  the  numbers  of  the  sprayed 
plots  are  given  in  figures  and  the  unsprayed  trees  are  indicated  by  let- 
ters. The  dates  of  the  applications  are  given  at  the  heads  of  succeeding 
columns,  and  the  ditto  marks  after  each  plot  number  refer  to  these 
dates.  For  example,  the  marks  after  Plot  No.  1  indicate  that  this  plot 
vs^as  sprayed  April  8,  May  1,  and  May  9;  while  Plot  No.  12  was  sprayed 
July  25,  August  7  and  22,  and  September  4.  The  three  columns  on  the 
right  show  the  results  in  bushels  of  sound  fruit,  bushels  of  rotten 
fruit,  and  percentage  of  sound  fruit  for  each  plot,  as  determined  when 
the  crop  was  picked,  September  19  to  23.  The  check  plots  are  placed 
in  the  table  about  as  they  occurred  in  the  orchard,  Plot  A  being 
loc^ated  near  the  lower  side,  while  Plot  E  is  at  the  upper  side. 

Plot  1,  as  will  be  seen  from  the  table,  received  but  three  applica- 
tions (those  usuall}'  given  in  the  treatment  of  apple  scab),  on  April  8, 
May  1,  and  May  9,  with  the  result  that  only  37.9  per  cent  of  the  fruit 
was  saved  from  bitter-rot,  showing  that  the  treatment  was  stopped  too 
early.     (PL  V,  tig.  1.) 
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Plot  2  received,  in  addition  to  these  three  treatments,  one  on  Juuf 
12,  after  an  interval  of  33  days,  and  a  fifth  application  on  June  27. 
with  the  result  that  67.8  per  cent  of  the  crop  was  saved. 

Plot  3  received,  .in  addition  to  the  foregoinpf  treatments,  one  appli- 
cation on  July  10  and  another  on  July  25,  making  seven  in  all,  with 
the  result  that  96.5  per  cent  of  the  crop  was  saved.    (See  PL  III,  fig.  1.) 

Plot  4  received  eight  treatments,  the  dates  being  the  same  as  in 
Plot  3,  with  an  additional  application  on  August  7.  The  percentage 
of.  sound  fruit  was  96.8. 

Plot  5  received  an  additional  treatment  August  22,  making  nine 
applications  in  all,  with  the  saving  of  96.6  per  cent  of  the  crop. 

Plot  6  was  sprayed  as  in  Plot  5,  with  an  additional  treatment  on 
September  4,  thus  receiving  an  application  on  ever}-  spraying  date,  or 
a  total  of  ten,  the  largest  number  given  an}'  plot  in  the  experiment. 
The  result  was  a  saving  of  98.9  per  cent  of  the  crop.     (PI.  IV,  fig.  l.i 

Check  A,  which  consisted  of  one  untreated  tree,  yielded  only  one 
sound  fruit  and  10  bushels  of  rotten  fruit.  (PI.  Ill,  tig.  2,  and 
PI.  VII.) 

Plot  7  received  the  first  three  applications,  namely,  on  April  h,  May 
1,  and  May  9;  and  the  last  four,  namely,  on  July  25,  August?,  August 
22,  and  September  4,  leaving  an  interval  of  about  two  months  and  t 
half  during  which  the  trees  were  not  sprayed.  This  interval  ^^as  too 
long,  as  indicated  b}'  the  yield  of  only  80.1  per  cent  of  sound  fruit- 
Plot  H  was  sprayed  on  the  same  dates  as  Plot  7,  with  the  omission  of 
the  application  on  July  25,  so  that  the  interval  during  which  the  trees 
wert*  not  sprayed  was  about  three  months,  resulting  in  a  saving  of  only 
51.7  per  cent  of  the  crop. 

Plot  9  received  applications  5,  6,  7,  and  9,  namely,  on  June  27,  July 
10,  July  25,  and  August  22,  82.6  per  cent  of  the  crop  being  saved. 

Check  B,  consisting  of  one  untreated  tree,  yielded  17  bushels  of  rt>t- 
ten  fruit  and  only  six  sound  apples. 

Plot  10  received  applicrations  5  to  10,  namely,  on  June  27,  July  UK 
July  25,  August  7,  August  22,  and  September  4,  90  per  cent  of  the 
fruit  being  saved. 

Plot  11  differed  from  Plot  10  in  that  the  treatment  of  June  27  was 
omitted.  As  a  result  of  these  five  applications,  S6.6  per  cent  of  the 
crop  was  saved. 

Plot  12  received  one  application  less  than  Plot  11,  the  first  treatment 
occurring  elulv  25.  Only  53.5  per  cent  of  the  (Top  was  saved.  (PI.  V, 
%.  2.) 

Check  C,  which  consisted  of  one  inispraj^ed  tree,  had  13  bushels  of 
rotten  fruit  and  no  sound  fruit,  the  entire  crop  having  been  destroyed. 

Check  D,  one  untreated  tree,  3'ielded  20f  bushels  of  rotten  fruit 
and  onl)'  two  sound  apples.     (PL  IV,  fig.  2.) 
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Plot  15  was  sprayed  on  July  10,  July  25,  August  7,  and  August  22, 
and  yielded  90.8  per  cent  of  sound  fruit. 

X^lot  16  received  the  same  number  of  treatments  as  Plot  15,  but  the 
sspraying  was  begun  and  endexl  two  weeks  earlier,  the  first  application 
being  made  on  June  27  and  the  last  August  7.  As  a  result  93.3  per 
cent  of  sound  fruit  was  obtained.     (PI.  VI,  fig.  2.) 

Plot  17  also  received  four  applications  at  intervals  of  two  weeks, 
but  the  treatment  was  l)egun  two  weeks  earlier  than  in  Plot  16,  the 
spraying  dates  being  June  12,  June  27,  July  10,  and  July  25.  The 
yield  of  sound  fruit  was  88.8  per  cent. 

Check  E,  one  untreated  tree,  yielded  one-fourth  bushel  of  sound  fruit 
and  16i  bushels  of  rotten  fruit,  the  percentage  of  sound  fruit  being  1.5. 

BENEFICIAL    EFFECTS  OF   SPRAYINCi. 

In  analyzing  the  results  as  shown  in  Table  II  it  is  not  difficult  to 
conclude  that  in  Plots  1  and  2  spraying  was  stopped  too  early,  that  in 
Plot  12  spraying  was  begun  too  late,  and  that  in  Plots  7  and  8  the 
interval  between  the  early  and  late  applications  was  too  long.  From 
Plots  3  to  6,  as  compared  with  Plots  1,  2,  7,  8,  and  12,  and  the  checks, 
it  is  also  plainly  evident  that  bitter- rot  can  be  completely  controlled 
by  coating  the  fruit  with  Bordeaux  mixture  before  infection  takes 
place  and  keeping  it  thoroughly  coated  throughout  the  season.  More- 
over, Plots  10,  11,  15,  16,  and  17  seem  to  indicate  that,  so  far  as  bitter- 
rot  is  concerned,  spraying  before  the  trees  bloom  and  within  a  month 
after  the  blooming  period  is  not  absolutely  necessary.  It  is  clearly 
seen  b}^  comparison,  however,  that  the  three  early  applications  (April 
8,  May  1,  and  May  9)  had  a  decidedlj'^  beneficial  effect  in  all  the  plots 
that  received  them.  Compare  Plot  1,  which  received  only  these  three 
applications  and  yielded  37.9  per  cent  of  sound  fruit,  with  the  unspra^'ed 
trees,  A  to  E,  which  yielded  practicalh^  no  sound  fruit.  Plot  12, 
which  received  four  late  applications  (July  25,  August  7,  August  22, 
and  September  4),  gave  only  53.5  per  cent  of  sound  fruit,  while  Plot 
7,  which  had  the  same  treatment  and  in  addition  the  three  early  appli- 
cations, gave  80.1  per  cent  of  sound  fruit.  The  three  early  applica- 
tions thoroughly  coated  the  branches  and  leaves,  as  well  as  the  veiy 
young  fruit,  and  it  is  probable  that  protection  from  infection  was  pro- 
longed by  the  action  of  the  rains  in  washing  the  copper  from  the  leaves 
to  the  fruits.  Of  the  several  plots  receiving  only  four  applications 
each.  No.  16,  which  received  its  first  application  on  June  27,  gave  the 
best  results,  yielding  98.3  per  cent  of  sound  fruit.  However,  Plot 
17,  which  had  its  first  application  two  weeks  earlier  and  yielded  88.8 
per  cent  of  sound  fruit,  would  perhaps  have  shown  up  as  well  as  No. 
16  but  for  the  fact  that  the  upper  side  of  one  of  the  trees  could  not  be 
properly  reached  with  the  spray.     It  appears,  therefore,  from  this 
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group  of  plots  that  the  ideal  treatment  would  have  been  five  aj^lica- 
cations  at  intervals  of  two  weeks,  beginning  June  12.  Comparing 
Nos.  12  and  15,  it  is  further  noted  that  a  delay  of  two  weeks — from 
July  10,  the  date  the  ftrst  application  was  given  No.  15,  to  July  25, 
the  date  treatment  began  on  No.  12 — made  a  difference  of  37.3  per 
cent  in  favor  of  the  earlier  applications,  representing  the  differem-e 
between  success  and  failure. 

Considering  the  series  of  Plots  2  to  8,  which  combine  the  three  early] 
applications  for  scab  and  the  later  applications  for  bitter- rot.  No.  3  h 
the  most  satisfactory.  This  plot  was  sprayed  seven  times,  namely,  on 
April  8,  May  1,  and  May  9  for  scab,  and  on  June  12,  June  27,  July 
10,  and  July  25  for  bitter- rot,  and  the  result  was  56  bushels  of  sound 
fruit  and  onl}-  2  bushels  of  rotten  fruit  from  the  two  trees,  or  96.5 
per  cent  of  sound  fruit.  Plots  4,  5,  and  6  each  had  a  slightly  larger 
percentage  of  sound  fruit,  but  scarcely  enough  to  pay  for  the  addi- 
tional spraying  which  they  received.  However,  the  bitter-rot  fungus 
is  so  influenced  by  weather  conditions  that  it  is  scarcely  safe  to  follow 
No.  3  and  stop  spraying  as  early  as  July  25.  The  treatment  (eight 
applications)  given  Plot  4  would  doubtless  be  necessary  in  some  seasons 
to  prevent  both  scab  and  bitter-rot.  The  results  obtained  in  Plots  15, 
16,  and  17  seem  to  indicate  that  four  applications  at  intervals  of  two 
weeks,  beginning  June  12,  June  27,  or  even  as  late  as  July  10,  would 
be  the  most  satisfactory  treatment,  when  the  cost  of  spra3'ing  is  con- 
sidered, but  as  a  rule  it  pa3's  to  give  three  or  four  treatmentj$  earlier 
in  the  season  for  apple  scab,  leaf-spot,  and  codling  moth,  and,  there- 
fore, these  early  spring  applications,  combined  with  the  early  summer 
applications,  undou])tedly  give  the  most  satisfactory  results. 

The  lesson  to  be  learned  from  Plots  7  and  8,  as  compared  with  Plot 
6,  is  that  the  omission  of  the  June  and  July  applications  is  almost 
fatal  to  the  crop.  Comparing  Plots  7  and  S,  it  is  seen  that  the  one 
extra  application  given  to  the  former  on  July  25  resulted  in  a  saving 
of  2S.4  per  cent  over  the  latter.  Again,  comparing  Plots  11  and  12, 
it  is  seen  that  one  extra  application  given  to  the  former  on  July  lo 
resulted  in  a  saving  of  33.1  percent  over  the  latter.  These  results 
emphasize  the  importance  of  spi'a3ing  at  the  right  time,  and  in  order 
to  be  sure  of  covering  the  proper  time  the  applications  must  be  spread 
out  over  a  long  period. 

KFKKCT   OF   THE   TREATMENT   ON    OTHER    DISEASES. 

Sr{f/t, — It  is  already  well  known  that  apple  scab  is  easily-  controlled 
by  spraying  with  Bordeaux  mixture.  This  disease  was  completely 
prevented  on  the  trees  in  the  t^xperimental  plots  receiving  the  three 
early  applications,  namely,  first,  just  before  the  trees  bloomed;  second. 
as  soon  as  the  ])l()ssoms  were. shed,  and  third,  eight  days  later.  Some 
scab  appeared  on  the  trees  not  so  treated,  but  this  variety  of  apple 
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(Yellow  Newtown)  does  not  usually  suffer  from  scab  so  much  as  some 
other  varieties.  The  same  treatment  was  ^ven  a  block  of  Winesaps, 
^%vith  the  result  that  the  fruit  at  picking  time  showed  practically  no  scab, 
^^^hile  the  three  unspra3'^ed  trees  left  as  checks  had  SO  per  cent  of  the 
orop  affected. 

Leaf'HjH)t. — The  disease  known  as  leaf -spot,  which  also  yields  read- 
ily to  treatment,  is  very  common  in  Virginia,  causing  considerable 
damai^e  by  defoliating  the  trees,  and  certain  varieties  of  apples  require 
treatment  for  this  disease  alone.  Trees  spmyed  as  early  as  June  12 
held  their  foliage  in  fine  condition  until  after  the  crop  was  harvested. 
The  three  early  applications  did  not  entirely  prevent  the  leaf-spot 
disisease,  and  the  best  results  were  obtained  when  the  treatment  was 
continued  until  July  25  or  later.  Winesaps  that  were  sprayed  as  soon 
a.^  the  blossoms  were  shed,  May  1,  and  at  intervals  of  two  weeks  until 
three  applications  had  been  made,  lost  practically  no  foliage  from  leaf- 
spot.  Also  two  trees  spra3'ed  on  Ma}'  18,  about  three  weeks  after  the 
blooming  period,  and  on  June  12  kept  their  foliage  in  perfect  condition 
throughout  the  season.  On  the  other  hand  three  uns[>rayod  Winesaps 
in  the  same  orchard  lost  50  to  75  per  cent  of  their  leaves  by  August  7, 
and  most  of  those  remaining  on  the  trees  at  that  date  were  affected. 
The  unspra3'ed  Yellow  Newtowns,  however,  did  not  suffer  half  so 
much.  The  trees  thus  defoliated  were  not  able  to  properly  mature 
the  fruit,  which  at  picking  time  was  perceptibly^  smaller  than  that  of 
sprayed  trees.  In  some  cases  the  sprayed  fruit  was  as  much  as  one- 
fourth  larger  than  that  on  the  unsprayed  trees. 

S(Kjty-blotch, — Sooty-blotch  also  yielded  very  readily  to  treatment, 
the  fruit  on  all  the  sprayed  trees  being  clean,  while  a  portion  of  the 
untreated  fruit  was  more  or  less  "clouded.'"  The  three  early  appli- 
cations for  scab  appeared  to  be  sufficient  to  control  this  fungus,  though 
in  severe  cases  two  applications  in  Juh'  would  no  doubt  be  necessary 
to  prevent  the  disease. 

INJURIOUS   EFFECTS   OF   THE   TREATMENT. 

Rxisseting. — The  fruit  on  all  of  the  trees  that  received  the  three 
early  applications  in  the  bitter-rot  experiment  on  the  Yellow  Newtown 
apples  developed  nisset  spots  or  blotches  due  to  the  action  of  the  cop- 
per. These  blotches  sometimes  covered  half  of  the  apple,  dwarfing 
the  affected  side.  Usually,  however,  the  spots  were  small  and  very 
irregular  in  shape,  detracting  little  from  the  appearance  of  the  apple. 
Fruits  that  did  not  receive  these  early  spniyings  were  not  affected, 
and  the  trouble  seems  to  have  resulted  entirely  from  the  two  applica- 
tions made  to  the  young  fruit  on  Ma}-  1  and  9.  About  50  per  cent  of 
the  fruit  sprayed  on  these  dates  showed  some  russet  spots,  but  the 
disfiguration  was  apparently  not  sufficient  to  affect  its  market  value 
materially.  When  russeting  is  feared  it  might  be  advisable  to  use 
less  bluestone  and  a  greater  quantity  of  lime  in  the  preparation  of 
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Bordeaux  mixture  for  applic^ation  to  the  ver}'  young  fruit.  The  mix- 
ture used  in  spraying  stone  fruits  (3  pounds  of  bluestone  and  9  pounds 
of  lime  to  50  gallons  of  water)  is  suggested. 

Coating  of  Bordemix  mixture. — The  fruit  from  Plot  3,  which 
received  its  last  application  on  July  25,  was  practically  free  fi-om  Bor- 
deaux mixture  at  picking  time,  September  19  to  23,  the  coating  having 
weathered  away.     (PI.  Ill,  fig.  1.) 

The  fruit  from  Plot  4,  which  received  its  last  application  on  August 
7,  showed  considerable  Bordeaux  mixture  at  picking  time,  but  not 
sufficient  to  attract  special  notice. 

The  fruit  from  Plots  5  and  6,  and,  in  fact,  from  all  of  the  plots 
sprayed  after  August  7,  was  thoroughly  coated  with  BoMeaux  mix- 
ture at  picking  time.  (See  PI.  IV,  fig.  1;  PI.  V,  fig.  2,  and  PI.  VI, 
fig.  2.) 

The  presence  of  Bordeaux  mixture  on  the  fruit  when  packed  is  cer- 
tainly objectionable,  but  it  was  found  that  in  picking,  grading,  and  Iwir- 
reling  the  apples  most  of  it  was  rubbed  off.  The  crop  from  the  .spraj^ed 
trees,  both  in  the  experimental  block  and  in  Mr.  Goodwin's  main 
orchard,  was  sold  at  the  highest  price  paid  for  Yellow  Newtown  apples 
in  that  section  the  past  season,  and  the  purchaser  raised  no  objection 
to  the  coating  of  Bordeaux  mixture  and  did  not  require  the  fruit  to  be 
wiped. 

COMMEBCIAL  OPERATIONS. 

The  Bureau  of  Plant  Industry  furnished  a  number  of  its  corre- 
spondents with  suggestions  for  the  treatment  of  bitter-rot,  and  during 
the  past  season  the  writer  visited  a  few  of  the  orchards  that  were 
sprayed  in  accordanc^e  with  these  suggestions,  as  well  as  others  that 
had  not  been  properly  treated.  In  every  case  where  Bordeaux  mix- 
ture was  applied  at  the  proper  time  good  results  were  secured.  Even 
poor  spraying  had  a  decidedl}^  beneficial  effect.  Owing  to  the  steep- 
ness of  the  land  or  to  some  other  obstacle,  there  were  alwavs  some 
trees  left  untreated  or  but  partialh^  spi*ayed,  thus  affording  ample 
checks  with  which  to  compare  the  treated  trees.  In  most  cases  the 
results  were  very  striking,  showing  almost  a  perfect  crop  on  the 
sprayed  trees  and  a  loss  of  75  to  100  per  cent  of  the  crop  on  the 
unspra3-ed  trees.  More  striking  still  is  the  fact  that  where  only 
one  side  of  a  tree  was  sprayed  the  crop  on  that  side  matured  in 
perfect  condition,  while  the  crop  on  the  opposite  side  was  destroyed 
bv  bitter-rot.  The  writer  observed  this  in  a  number  of  instances 
where  a  fence  or  a  steep  hillside  admitted  of  the  treatment  of  only  one 
side  of  the  trees. 

RESULTS  IN  SKVKKAL  ORCHARDS. 

Aside  from  the  trees  used  in  the  experiment,  Mr.  W,  H.  Goodwin, 
of  Avon,  Va.,  spi*a3e(i  the  larger  portion  of  his  orchaixi  under  the 
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ft 

irections  of  the  Bureau  of  Plant  Industry,  and  the  writer  was  able  to 
ee  the  work  in  projj^ress  from  time  to  time  and  to  note  the  results. 

The  treatment  consisted  of  eight  applications  of  Bordeaux  mixture, 
orresponding  very  closely  to  Plot  5  of  the  experiment,  with  the 
•mission  of  the  fourth  application  (June  12),  and  the  results  appeared 
0  be  equally  as  good  as  those  obtained  in  that  plot  (96.6  per  cent  of 
ound  fruit).  The  commercial  spraying  was  done  with  the  same  outfit 
nd  the  same  men  employed  in  the  experimental  work  and  usuall}'^ 
tegan  the  day  after  that  work  was  completed. 

The  results  of  this  treatment  are  set  forth  very  clearly  in  a  letter 
rom  Mr.  Goodwin  to  the  writer  under  date  of  November  3,  1905, 
iS  follows: 

Replying  to  your  favor  of  November  1,  I  have  to  say  that  in  accordance  with  your 
lirectiona  I  sprayed  the  major  portion  of  my  orchard  of  All)emarle  Pippins  eight  times, 
ginning  the  applications  on  the  following  dates:  April  9,  May  2,  May  10,  June  28, 
uly  11,  July  26,  August  10,  and  August  26.  The  portion  of  the  orchard  thus 
prayecl  had  practically  no  bitticr-rot — perhaps  not  more  than  2  per  cent.  On  the 
►therhand,  the  fruit  on  some  250  trees  which  could  not  be  sprayed  owing  to  steepness 
>i  land  and  lack  of  water  was  almost  entirely  lost  from  the  bitter-rot.  The  crop  on 
his  portii)n  of  the  orchard  was  estimated  at  about  800  barrels;  but  at  picking  time 
here  were  no  No.  I's,  and  only  134  barrels  of  No.  2's  (nearly  all  of  which  were  more 
>r  less  specked)  were  gathered. 

I  am  fully  convinced  that  the  bitter-rot  may  be  almost  entirely  prevented  by 
)roper  spraying  with  Bordeaux  mixture,  and  in  my  opinion  the  establishment  of 
his  fact  has  reclaimed  the  pippin  industry  in  Virginia.  The  last  two  crops  were 
mtirely  lost  from  bitter-rot,  whereas  the  crop  the  present  year  was  saved  by  spray- 
ng.  My  trees  are  from  12  to  23  years  old,  and  averaged  al)out  3  barrels  per  tree. 
The  trees  were  very  thoroughly  sprayed,  costing  for  the  eight  applications  about  30 
?ents  per  tree. 

The  orchard  referred  to  was  examined  from  time  to  time  during  the 
Season,  and  on  July  10  a  few  apples  affected  with  bitter- rot  were  found, 
perhaps  an  avemge  of  less  than  one  to  each  tree  in  the  spmyed  portion, 
and  slighth'  more  on  unsprayod  trees.  By  August  21,  75  per  cent  of 
the  crop  on  most  of  the  unspi-aN'ed  trees  was  destroyed,  and  the  fruit 
out  of  reach  of  the  spray  on  the  topmost  branch(\s  of  some  of  the  tallest 
trees  in  the  sprayed  portion  was  badly  affected,  while  all  trees  properly 
treated  showed  practically  no  rot.  On  a  certain  steep  hillside  the  end 
tree  in  each  row  could  be  spraNxd  only  on  one  side,  resulting  in  a  full 
crop  of  sound  fruit  on  the  sprayed  half  of  the  tree,  while  practically 
all  of  the  fruit  rotted  on  the  other  half. 

Mr.  William  B.  Mac(f  regor,  of  Avon,  Va.,  whose  orchard  is  adjacent 
to  the  (loodwin  orchard,  sprayed  his  trees  very  thoroughly  and  per- 
sistently throughout  the  setison,  and  was  rewarded  with  a  magnificent 
crop  of  almost  perfect  fruit.  Th<»  writer  had  opportunities  to  visit 
this  orchard  while  the  spraying  work  was  being  done,  and  also  at 
picking  time.     The  course  of  treatment  and  sunnnary  of  results  are 
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given  in  a  letter  from  Mr.  MacGregor,  dated  November  10,  1905,  as 

follows: 

In  reply  to  yours  of  October  31,  I  do  not  know  the  exact  dates  of  spraying.  Ir 
the  part  where  the  most  spraying  was  done  the  first  application  was  made  slXk^i 
April  15,  followed  by  others  on  May  7,  June  1,  and  at  intervals  of  from  13  to  17  dayg 
thereafter  until  September  1,  making  nine  applications  in  all.  Practically  no  m 
appeared  on  this  part.  On  trees  not  sprayeii  till  June  1  the  rot  might  be  3  per  ceni. 
but  not  more.  On  three  trees  not  sprayed  August  1,  but  which  received  all  the 
other  applications,  no  difference  was  noted.  Applications  must  l)e  thorough.  Som^ 
of  our  trees  had  only  a  few  apples,  and  to  save  time  we  tried  to  spray  them  only  in 
July  and  August.     Result,  25  per  cent  bitter-rot  at  least. 

The  orchard  of  Messrs.  J.  W.  Rodes  and  Sons  is  located  in  the  Rock- 
fish  Valley,  about  eighteen  miles  from  Afton,  Va.  Mr.  Kodes  corre- 
sponded with  the  Bureau  of  Plant  Industry  concerning  the  treatment 
of  the  bitter-rot  disease,  and  on  July  26  the  writer  visited  the  orchard. 
The  appearance  of  the  trees  indicated  that  they  had  been  tho'roughly 
sprayed  with  Bordeaux  mixture,  and  on  that  date  Mr.  Rode^  was 
spraying  the  tops  of  his  tallest  trees  with  an  extra  long  extension  rod, 
made  by  joining  two  rods  of  his  outfit  into  one.  He  realized  the 
importance  of  reaching  every  fruit  with  the  mixture.  With  the 
exception  of  an  occasional  diseased  fruit  the  sprayed  portion  of  the 
crop  throughout  the  orchard  was  free  from  bitter-rot.  However,  on 
one  side  of  the  orchard  a  fence  interfered  with  the  spi-aying,  anr! 
about  one-third  of  the  crop  on  each  of  several  trees  could  not  l>e  ea^sih 
reached.  In  every  such  case  the  unsprayed  section  of  the  tree  showed 
a  serious  outbreak  of  bitter-rot.  A  letter  from  Mr.  S.  T.  Rode-, 
dated  at  Bryant,  Va.,  November  3, 1905,  and  giving  a  statement  of  tht- 
treatment  and  the  results  obtained  follows: 

Yours  of  October  31  to  hand  and  contents  noted.  In  reply  will  say  we  spravt^l 
our  orchard  of  27o  Albemarle  Pippins  six  times  for  bitter-rot,  starting  on  the  date^ 
given  below  and  finishing  as  soon  as  possible.  [Mr.  Rodes  then  names  the  dates  o: 
commencing  six  successive  sprayings,  as  follows:  June  15,  July  3,  15,  and  31,  Angu^x 
17  and  30.] 

Where  w^e  could  get  at  the  trees  and  made  the  six  applications  there  was  no  bittt-r- 
rot  worth  mentioning — scarcely  any  at  all.  Some  trees  that  we  could  not  spray  on 
both  sides  on  account  of  the  fence  showed  quite  a  difference,  the  side  sprayed  hav- 
ing nice,  clean  apples,  clear  from  cloud  and  rot,  the  fruit  on  the  other  side,  unspraywl, 
being  clouded  and  nearly  all  infested  with  the  bitter-rot. 

Two  years  ago  I  believe  the  trees  bore  as  many  apples  as  they  did  this  year.  We 
did  not  spray  them,  however,  and  gathered  only  56  barrels.  From  the  same  tre€^ 
this  year,  but  well  sprayed  inside  and  out,  we  gathered  1,142  barrels  of  No.  1 
Pippins. 

In  unsprayed  and  poorly  sprayed  orchards  in  the  Rockfish  Valley 
bitter-rot  was  exceedingly  bad,  and  there  can  be  no  doubt  that  the 
freedom  from  the  disease  in  the  sprayed  orchards  was  due  entii-elj'  to 
the  treatment. 


PKEPARATION   OF   BORDEAUX    MIXTURE 
PBEPABATION  OF  BORDEAUX  MIXTX7B 

The  Bordeaux  mixture  used  in  the  experiments  was  pi 
ing  to  the  following  formula: 

5  pounds  of  copper  sulphate  (bluestone). 
5  pounds  of  fresh  stone  lime. 
50  gallons  of  water. 

For  small  lots  dissolve  the  bluestone  in  25  gallons  of 
separate  vessel  slake  the  lime  by  sprinkling  it  with  wat 
paste  is  formed,  and  then  dilute  it  to  25  gallons.     The 
solutions  together  through  a  strainer  into  the  spray 
receptacle,  a  bucketful  of  each  at  the  same  time.     Wl 
stirred,  the  mixture  is  ready  for  application. 

For  extensive  spraying,  stock  solutions  should  be  pre] 
out  50  pounds  of  bluestone  into  a  coarse  bag  and  si 
50-gallon  barrel  of  water  near  the  top.  The  bluestone  1 
will  usually  dissolve  within  twenty-four  hours,  and  th< 
then  be  filled  to  the  50-gallon  mark.  Each  gallon  of  thi 
tains  1  pound  of  bluestone.  Likewise  50  pounds  of  li 
a  barrel  and  slaked  by  slowly  pouring  water  over  it. 
keep  it  thoroughly  stirred  with  a  shovel,  and  continu< 
enough  to  keep  it  from  burning,  but  the  mass  shoul 
merged.  When  thoroughly  slaked,  dilute  to  50  gallons 
will  then  'contain  the  equivalent  of  1  pound  of  lime, 
thoroughly  agitated.  Therefore,  in  order  to  make  up 
the  mixture  take  5  gallons  of  the  bluestone  solution 
of  the  lime  water.  To  prepare  200  gallons  of  the  mixti 
tank  of  that  capacity  20  gallons  of  each  constituent  wou 
but  it  should  be  remembered  that  these  concentrated  sc 
be  diluted  before  pouring  them  together. 

In  order  to  save  so  much  dipping,  the  mixing  should 
elevated  platform,  such  as  shown  in  Plate  VIII,  tigurt 
form  shown  in  this  illustration  was  constructed  at  the 
gestion  by  Mr.  W.  H.  Goodwin  for  use  in  the  bitter-ro 
as  well  as  for  his  commercial  work,  and  is  about  2  fe* 
the  top  of  the  spray  tank  on  the  wagon.  The  stock 
kept  in  50-gallon  barrels  on  the  rear  of  the  platforn: 
dilution  tanks,  holding  100  gallons  each,  are  placed  at 
of  the  platform.  The  bluestone  solution  is  placed  in  one 
and  the  lime  water  in  the  other.  Then  each  is  filled  wi 
the  50,  75,  or  100  gallon  mark,  as  desired.  A  molasses  ^ 
is  fixed  in  a  hole  bored  near  the  bottom  of  each  tank,  an 
with  an  open  trough  leading  to  the  strainer  in  the  spra 
of  these  gates  is  opened  at  the  same  time,  and  thus  th( 
are  allowed  to  run  together  into  the  spray  tank.  Ir 
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water  came  from  a  spring  about  100  yards  above  the  platform,  and  was 
conducted  into  the  barrels  and  tanks  on  the  platform  through  open 
troughs.  Where  the  convenience  of  an  elevated  spring  is  la<*king,  the 
water  may  be  pumped  up  by  hand,  windmill,  or  engine. 

METHOD  OF  APPLYING  BORDEAUX  MIXTXJItE. 

The  following  account  of  the  method  of  apph'ing  the  Bordeaux 
mixture  in  the  experiments  of  the  Bureau  of  Plant  Industry  may  p<»r- 
haps  serve  as  a  guide  to  fruit  growers  in  treating  their  orehard?*. 
One  can  not  emphasize  too  strongl}^  the  necessity  of  reaching  every 
part  of  the  tree  with  the  spray  and  coating  the  fruits  on  all  sides. 

The  spraying  was  done  with  a  specialh^  constructed  pump  and  a 
tank  of  200  gallons  capacit}^  The  pump  is  fitted  with  two  sections  of 
i-inch  hose,  each  25  feet  long,  with  a  14-foot  bamboo  extension  rod 
attached  and  double  Vermorel  nozzles.  This  outfit  is  seen  in  opera- 
tion in  Plate  VIII,  figure  2.  When  convenient  two  trees  were  sprayed 
at  the  same  time,  and  the  operators  were  thus  kept  out  of  each  otherV 
way.  In  spraying  the  tall  trees  the  operator  had  to  stand  on  the  spray 
tank  or  climb  the  tree.  Where  the  conditions  will  admit,  an  elevateii 
platform  built  on  top  of  the  spray  tank  should  be  used  for  this  purpose. 
but  in  the  case  here  mentioned  the  land  was  too  steep. 

In  making  the  first  application  great  care  was  taken  to  coat  the  bark 
thoroughly  from  the  ground  to  the  tips  of  the  twigs,  but  hiter  appli- 
cations were  aimed  at  the  fruit  and  foliage  only.  Nozzles  with  small 
apertures  were  used  and  the  pressure  was  kept  as  high  as  one  could 
maintain  it  with  a  hand  pump.  This  produced  a  fine  mist,  and  the 
attempt  was  made  to  spray  the  tree  so  thoroughl}^  as  to  envelop  every 
apple  in  this  mist.  So  far  as  practicable,  the  trees  were  spra3'ed  from 
every  direction  so  as  to  hit  ever}"  apple  all  over.  When  it  could  l>e 
avoided,  the  trees  were  not  left  dripping,  the  aim  being  to  pepper  the 
fruit  and  leaves  thoroughly  without  producing  drops  large  enough  to 
run  otf.     Good  spraying  does  not  consist  in  drenching  the  tree. 

For  extensive  operations  some  form  of  power  sprayer  should  Ih» 
used  where  the  conditions  arc  suitvble.  Gasoline  sprayers  are  per- 
haps the  most  promising,  but  in  some  instances  they  have  been  disajv 
pointing. 

CONCLUSIONS  AND  RECOMMENDATIONS. 

Summarizing  the  results  o])tained,  and  considering  the  fact  that  the 
experiments  were  made  during  a  season  unusually  favorable  to  bitter- 
rot,  the  followintf  conclusions  mav  be  drawn: 

1.  Bitter-rot  can  be  completely  controlled  by  proper  applications  of 
Bordeaux  mixture,  1)3.  ^3  to  B^.,9  ^percent  of  sound  fruit  having  IxH'n 
savc^d  by  such  treatmeat-in  these  experiments,  while  the  checks  rotted 
completel3\  :       • 

•    .  .\       : 
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2.  Four  applications,  when  made  just  at  the  right  time,  are  suffi- 
cient to  control  the  disease  satisfactorily,  but  in  order  to  be  sure  of 
covering  the  infection  periods  one  or  two  additional  applications  may 
be  necessary. 

3.  The  applications  should  be  made  at  intervals  of  two  weeks, 
beginning  about  six  weeks  after  the  trees  bloom. 

4.  It  is  necessary  to  spray  the  trees  thoroughly,  coating  the  fruit 
on  all  sides  with  tine  mist-like  applications. 

5.  Other  diseases,  such  as  scab,  leaf-spot,  and  sooty -blot<'h,  may  be 
controlled  in  connection  with  the  treatment  of  bitter-rot. 

For  the  treatment  of  bitter-rot  alone,  spray  the  trees  thoroughly 
with  Bordeaux  mixture  at  intervals  of  two  weeks  until  five  applica- 
tions have  been  made,  beginning  not  later  than  forty  days  after  the 
petiils  have  fallen  (in  Virginia  usually  about  June  10  to  15). 

For  the  combined  treatment  of  apple  scab  and  bitter-rot,  spray  the 
trees  with  Bordeaux  mixture  (1)  just  ])efore  they  bloom  (but  after  the 
cluster  buds  have  opened  and  exposed  the  flower  buds);  {"2)  as  soon  as 
the  petals  fall;  (3)  a  week  or  ten  days  later;  and  (4)  about  fort}'  to  fifty 
days  after  the  shedding  of  the  petals,  and  at  intervals  of  two  weeks 
thereafter  until,  in  all,  seven  or  eight  applications  have  been  made. 

It  is  true,  of  course,  that  the  number  of  applications  required  and 
the  datt\s  on  which  they  should  be  made  depend  to  a  considerable  extent 
upon  the  season,  but  the  treatment  should  always  begin  before  the 
infection  period,  w^hich  may  occur  as  early  as  forty  to  fifty  days  after 
the  fruit  has  set  (in  Virginia,  perhaps  by  the  middle  of  June  in  some 
seasons). 

In  a  dry  or  cool  season  the  intervals  between  the  later  sprayings 
may  be  lengthened,  thus  reducing  the  number  of  applications  retjuired, 
provided  the  fruit  is  first  thoroughly  coated,  which  will  necessitate  at 
least  two  applications. 

On  the  other  hand,  in  a  hot,  humid  sea^^on  it  will  probabh^  be  neces- 
sary to  shorten  the  intervals  and  increase  the  total  number  of  appli- 
cations. 

Should,  for  anv  reason,  the  treatment  be  dela\'ed  until  after  it  is 
discovered  that  infection  has  taken  place,  the  trees  should  be  thor- 
ough' sprayed  twice  in  rapid  succession  with  an  interval  of  only  a  few 
days,  in  order  to  coat  the  f rui^  thoroughlv  as  qui(,'kly  as  possible.  With 
one  application  alone  it  is  difficult  to  coat  the  fruits  sufficiently  to  pro- 
tect against  bitter-rot,  and  the  second  application,  which  adheres  better 
than  the  first  on  account  of  the  presence  of  the  previous  coating  and 
also  reaches  parts  of  the  fruit  not  touched  before,  is  necessary  for 
thorough  protection. 
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DESCSIPnON  OF  PLATES. 

Plate  I.  (Frontispiece.)  Three  apples  affected  with  bitter-rot  and  three  mammies 
which  presumably  furnished  the  infection.  The  twigs  with  these  fruits  and 
mummies  attached  were  cut  from  one  of  the  unsprayed  trees  in  the  experimental 
orchard  on  July  10,  and  the  photograph  w^as  made  two  days  later. 

Plate  II.  The  microscopic  characters  of  the  bitter-rot  fungus  ( Glomerdla  rufomarfi- 
tans  (Berk.)  Spaulding  &  von  Schrenk):  i. — Five  asci,  each  containing  eight 
ascospores;  also  one  probably  immature  ascus.  X  900.  j?. — A  group  of  free 
ascospores.  X  900.  S. — A  group  of  ascospores  germinating  in  a  drop  of  water. 
X  900.  4-  — Spore-bearing  hyphae  springing  from  a  mycelium  growing  in  nutrient 
agar:  a,  the  mycelium  giving  rise  to  the  fertile  hyphse;  b,  a  group  of  conidia. 
or  summer  spores,  newly  bom.  X  600.  6. — A  group  of  germinating  conidia. 
X  740.  6. — A  section  through  a  pustule  showing  the  ruptured  skin  of  the  apple, 
the  spore-bearing  hyphae,  and  the  free  conidia.     X  200. 

Plate  III.  Fig.  1. — The  crop  picked  from  one  tree  of  Plot  3,  showing  33t  bushels  of 
sound  fruit  on  the  left  and  1}  bushels  of  rotten  fruit  on  the  right.  Fig.  2. — Fruit 
from  an  untreated  tree  (Check  A).  The  only  sound  apple  from  the  tree  is 
shown  on  top  of  the  basket. 

Plate  IV.  Fig.  1. — Crop  picked  from  one  of  the  trees  in  Plot  6,  showing  39  bushels 
of  sound  fruit  and  less  than  a  peck  of  rotten  fruit  in  the  half-bushel  measure  on 
top  of  the  pile.  The  fruit  still  shows  a  coating  of  Bordeaux  mixture.  Fig,  2. — 
The  crop  from  an  unsprayed  tree  (Check  D),  showing  only  two  sound  apples, 
which  are  placed  on  a  board  on  top  of  the  heap  of  rotten  fniit. 

Plate  V.  Fig.  1. — Fruit  from  one  of  the  trees  in  Plot  1,  showing  13 J  bushels  of 
bitter-rot  apples  on  the  right,  and  10  bushels  of  sound  apples  on  the  left;  treat- 
ment too  early  for  best  results.  Fig.  2. — The  fruit  from  Plot  12,  showing  12 
bushels  of  sound  apples  on  the  right,  and  12j  bushels  of  rotten  fruit  on  the  left: 
treatment  too  late  to  save  the  crop. 

Plate  VI.  Fig.  1. — A  yellow  Newtown  apple  badly  affected  with  bitter-rot,  and 
another  recently  mummified  by  the  fungus.  The  specimen  designated  A  shows 
a  typical  case  of  bitter-rot  on  a  Yellow  Newtown  apple.  The  fruit  was  taken 
from  the  tree  in  this  condition.  The  apple  marked  B  has  been  recently  mum- 
mified by  bitter-rot,  the  entire  fruit  having  become  involved  in  decay.  Fig.  2.— 
Apples  harvested  from  one  tree  in  Plot  16,  showing  28i  bushels  of  sound  fniit 
above  and  to  the  left,  and  1^  bushels  of  rotten  fruit  in  and  near  the  baskets. 

Plate  VII.  An  unsprayed  tree  (Check  A)  with  most  of  its  crop  on  the  ground  *t 
picking  time,  illustrating  the  destructive  work  of  the  bitter-rot 

Plate  VIII.  Fig.  1. — The  platform  and  equipment  used  in  preparing  Bordeaux  mix- 
ture; also  showing  the  'spray  tank  receiving  a  supply  of  Bordeaux  mixture. 
Fig.  2. — The  spraying  outfit  in  operation. 
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Fig.  1.— Crop  of  Apples  from  One  Tree  of  Plot  3,  Sphaved  ■: 


Fig.  2.— Crop  fhom  an  Unspbaveo  Tree  (Check  A'. 


—Apples  Harvested  from  One  Tree  of  Plot  6,  Sprayed  Ten  Times. 


Fio.  2.— Crop  fi 


H  Unsphaved  Tree  (Chec 


Fia.  2,— The  Crop  f 


.—Platform  and  Equipment  for  Making  Bordeaux 


Fig.  2.— The  Spbaying  Outfit  in  Operation. 
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FARM  PRACTICE  WITH  FORAGE 
WESTERN  OREGON  AND  WES: 

WASHINGTON. 


INT&ODUCTIOir. 

Although  the  average  methods  in  farm  practice  in 
usually  far  below  the  highest  possibilities,  men  are  tc 
and  there  who  have  worked  out  the  problems  of  crop 
utilization  in  a  satisfactory  manner  and  who  stand  (i 
successful  farmers  in  their  respective  communities.    II 
methods  of  a  large  number  of  such  men  it  is  possib 
large  amount  of  valuable  information  that  would  r; 
patient  labor  to  glean  from  personal  experience.     Di: 
years  the  writer  has  had  charge  of  forage  plant  ir 
the  Pacific  Northwest,  considerable  time  has  been  spi 
lamette  Valley  and  the  region  of  Puget  Sound  studyii 
of  the  farmers  most  successful  in  growing  and  handlii 
In  addition  to  the  information  obtained  in  this  detail i 
has  been  gleaned  during  thirty  years'  residence  in  the 
west,  including  nine  years'  residence  in  the  Willamett ; 
bulletin  is  a  result  of  this  study,  and  the  material  h( 
except  as  noted  in  the  text,  is  based  almost  entirely   i 
mation  obtained  in  this  manner. 

For  the  benefit  of  the  readers  of  this  bulletin  not  fa  i 
condition  under  which  the  crops  discussed  are  grown  ; 
tion  of  the  region  is  given.  Although  much  has  I 
regarding  the  superiority  of  legumes  over  other  plai  i 
vators  and  food  for  farm  animals,  there  are  many  in  [ 
this  bulletin  is  likely  to  fall  who  do  not  understand  i 
of  this  group  of  plants.  For  this  reason  a  paragrap  i 
the  nature  of  these  plants  and  the  methods  of  th  i 
For  similar  reasons  the  principles  underlying  hayii 
use  of  hay  caps  are  discussed. 
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FARM  PRACTICE   WITH   FORAGE   CROPS   IN   OREGON,   ETC. 


BESCBIPTION  OF  THE  BEOION. 

What  is  said  in  these  pages  is  applicable  to  all  that  region  west 
of  the  Cascade  Mountains  in  Oregon  and  Washington  as  far  south 
as  the  upper  portion  of  the  Willamette  Valley.  With  the  exception 
of  some  of  the  mountainous  areas  the  winters  are  mild.  The  siiminer 
months  are  comparatively  dry,  the  nights  are  cool,  and  dews  are 
frequent  and  heavy.  The  annual  rainfall  varies  from  about  20  inches 
in  a  small  area  where  the  Strait  of  San  Juan  de  Fuca  joins  Piiget 
Sound  to  more  than  100  inches  at  several  points  along  the  Pacific 
coast.  The  main  body  of  agricultural  land  about  Puget  Sound  has 
an  annual  rainfall  of  30  to  60  inches ;  that  of  the  Willamette  Valley 
40  to  50  inches. 

The  average  rainfall  of  this  region  for  six  years  is  shown  in  the 
following  table : 

Average  monthly  and  annual  rainfall  at  points  in  the  States  of  Oregon  and 

Washington, 


Month. 


January.... 
February... 

March 

April 

May 

June 

July 

August 

September . 

October 

November  . 
December . . 

Yearly 


OrefiTon. 

McMinn- 
ville. 

Albany. 

Inches. 

Inches. 

7.0* 

5.48 

6.88 

6.22 

5.71 

6.06 

8.25 

2.41 

2.04 

1.47 

1.15 

.74 

.53 

.57 

.81 

.82 

1.97 

1.85 

8.39 

2.29 

10.13 

7.44 

4.47 

6.17 

46.87 

40.62 

Salem. 


Olym 
pia. 


Washington. 

Seattle. !  %Mii«- 


Inches. 
6.15 
4.17 
4.61 
4.07 
8.42 
1.47 
.28 
.65 
1.94 
8.62 
8.18 
6.62 


45.18 


Inches. 

8.25 

7.08 

5.17 

4.32 

8.06 

2.09 

.55 

.68 

2.91 

4.24 

10.98 

7.92 


57.25 


Inches. 
8.93 
4.57 
3.26 
2.38 
2.08 
1.87 
.82 
.68 
2.13 
8.05 
6.77 
5.13 


Inches. 
a94 
2.60 
2.78 


2.64 
2.» 
2.  OS 
1.14 
1.43 
2.  SB 
S.51 
4.98 
3.86 


35.62 


32.06 


It  will  be  seen  that  the  rainfall  is  light  during  summer,  heaviest 
during  winter,  and  quite  well  distributed  throughout  the  remainder 
of  the  year.  With  its  mild  winters  and  abundant  rainfall  the  region 
as  a  whole  is  exceedingly  well  adapted  to  forage  plant  production. 
Grasses  remain  green  during  the  entire  year,  while  the  clovers, 
vetches,  root  crops,  rape,  and  kale,  with  proper  care,  all  yield  abund- 
antly. 

In  Oregon  the  Willamette  Valley  constitutes  the  major  portion  of 
the  agricultural  land  of  the  region  studied.  When  first  brought  into 
cultivation  the  valley  soil  was  friable,  easily  tilled,  and  productive. 
For  years  the  cereals  were  practically  the  only  crops  grown,  and 
much  of  the  land  at  the  present  time  is  still  producing  these  crops 
exclusively.  The  average  yield  of  wheat  on  such  land  at  the  prei^nt 
time  is  said  to  be  as  low  as  10  or  12  bushels  per  acre.  Formerly  it 
was  much  higher.    The  growing  of  cereal  crops  year  after  year  has 
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HAYMAKING. 

depleted  the  soil  of  much  of  its  humus  and  rendered  it 
and  difficult  to  work.  Applications  of  barnyard  n 
growing*  of  leguminous  crops  bring  the  soil  back  to  its 
and  fertility,  and  since  dairying  and  live-stock  prod 
come  such  important  industries  in  the  valley  much 
being  rapidly  restored  to  its  former  productiveness. 

Western  Washington  is  largely  covered  with  a  d( 
evergreen  timber  and  underbrush.  The  prairie  land 
much  of  it  is  gravelly  and  of  little  agricultural  valu< 
agricultural  land  was  formerly  timbered,  and  it  hi 
eminently  adapted  to  the  production  of  forage  cro 
kinds  of  fruit.  Clover  has  been  one  of  the  leading  < 
and  little  of  the  land  has  been  subjected  to  the  exclu 
of  cereal  crops.  As  might  be  expected,  therefore,  m< 
land  of  western  Washington  is  still  in  a  very  product 


To  make  hay  of  prime  quality  west  of  the  Cascad 
often  a  difficult  matter.  Most  of  the  hay  crops,  if  all 
naturally,  are  ready  to  cut  during  the  month  of  June 
spring  rains  are  usually  not  over  until  the  1st  of  Ju 
making  would  naturally  occur  at  a  time  when  good  ^ 
always  be  relied  upon.  Even  when  the  weather  is 
are  cool  and  dews  are  frequent  and  heavy.  This  di 
partially  overcome  by  pasturing  the  meadows  in  tl 
about  the  1st  of  May  to  retard  the  development  of  tl 
haymaking  will  occur  after  the  late  spring  rains  are 

CONDITIONS   GOVERNING   STAGE    AT    WHICH    HAY    SHO 

There  are  several  factors  to  be  considered  in  determi 
stage  at  which  a  crop  should  be  cut  for  hay.  Chem 
hay  made  from  young  growing  plants  is  more  digestil 
more  protein  per  pound  than  hay  made  from  more 
If  hay  is  cut  early  the  percentage  of  protein  is  great 
the  percentage  of  protein  is  less,  but  the  yield  of  dry  n 
is  materially  increased.  As  an  illustration  of  this,  sc 
ing  the  amount  of  dry  matter  in  corn  at  different  sts 
ment,  page  29.  The  protein  content  of  hay  made 
grasses,  such  as  timothy  or  orchard  grass,  is  always  lo 
in  protein  per  pound  from  cutting  such  hay  early 
than  counterbalanced  by  the  loss  in  dry  matter.  On 
hay  made  from  some  of  the  leguminous  plants  is  sai' 
for  certain  classes  of  animals.  Men  who  have  hi 
experience  in  feeding  vetch  and  alfalfa  hay  generally 
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10    FARM  PRACTICE  WITH  FORAGE  CROPS  IN  OREGON,  ETC. 

that  either  is  too  strong  a  feed  for  horses,  especially  if  cut  ver3^  green. 
For  this  reason  hay  made  from  leguminous  crops  is  frequently  cut 
much  riper  if  for  horses  than  when  intended  for  other  animals. 

Laxative  feeding  stuffs  are  undesirable  for  horses,  but  not  for  cows. 
Green  hay  is  laxative  in  character,  while  hay  cut  in  a  more  mature 
condition  has  an  opposite  tendency.  The  stage  at  which  hay  should 
be  cut,  therefore,  will  depend  upon  the  class  of  animals  for  which  it 
is  intended. 

The*  number  of  times  a  meadow  is  to  be  cut  during  a  season  is  an- 
other factor  in  the  time  for  cutting  hay  that  must  not  be  overlooked. 
If  there  is  to  be  but  one  cutting,  the  greatest  yield  will  be  secured 
by  allowing  the  crop  to  become  quite  well  matured  before  it  is  cut. 
When  two  cuttings  are  to  be  made,  farmers  who  have  tried  the  exi^eri- 
ment  find  that  the  greatest  yield  is  secured  by  cutting  the  first  crop 
while  it  is  still  green  and  growing  and  before  the  dry  season  has  begun. 
The  ordinary  hay  plants  are  not  inclined  to  continue  their  growth 
after  the  first  cutting  if  allowed  to  stand  until  their  seed  is  pretty 
well  formed.  A  delay  of  only  a  few  days  in  cutting  the  first  crop 
of  the  season  often  seriously  affects  the  growth  of  the  second. 

A  statement  of  the  time  for  cutting  will  be  found  under  the  special 
discussion  of  each  crop. 

CURING    HAY. 

The  best  hay  is  made  without  rain  and  with  the  least  possible  amount  of 
sunshine.  If  it  were  possible  to  cure  hay  in  the  shade,  the  quality  would  be 
much  better.  The  curing  of  hay  is  a  process  of  di*ying  and  of  fermentation. 
Hot  sun  tends  to  stop  fermentations  which  produce  hay  of  good  quality.* 

From  what  is  said  above  it  is  evident  that  hay  should  remain  in 
the  swath  only  until  dry  enough  to  be  raked  evenly  into  windrows; 
that  most  of  the  curing  should  take  place  in  the  cock  rather  than  in 
the  swath  or  windrow ;  and  that,  just  as  quickly  as  it  is  safe  to  do  so, 
it  should  be  placed  in  the  stack  or  mow.  With  fair  weather  and  hot 
sun,  light  crops  may  be  raked  soon  after  mowing,  often  in  two  or 
three  hours.  Heavier  crops,  especially  when  green,  require  more 
time.  When  the  growth  is  heavy  the  swath  is  often  packed  so  closely 
to  the  ground  from  its  own  weight  and  the  pressure  of  the  wheels  of 
the  mower  that  the  use  of  the  tedder  is  necessary  to  dry  it  out  evenh'. 

West  of  the  Cascade  Mountains  hay  is  generally  put  up  in  per- 
manent cocks,  where  it  remains  for  a  week  or  ten  days.  If  it  is  to 
remain  in  the  field  but  a  short  time  some  farmers  cure  it  quickly  by 
first  putting  it  into  small,  flat  cocks.  In  about  twenty-four  hours 
those  are  turned  over,  allowed  to  air,  and  three  or  four  of  them  are 
then  made  into  one  permanent  cock.  At  what  stage  hay  should  be 
stacked  is  a  question  upon  which  there  are  many  opinions.     A  com- 

a  W.  J.  Spillman,  in  "  Farm  Grasses  of  the  United  States." 
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THE  SILO. 

mon  rule  with  many  farmers  is  to  stack  when  juice  can 
out  of  a  wisp  of  hay  taken  from  the  middle  of  the  coc 
As  stated,  the  common  practice  in  this  region  is  to  '. 
in  the  field  for  about  a  week;  in  fact,  a  very  large  maj 
ers  think  good  hay  can  be  made  in  no  other  way  und' 
conditions  west  of  the  Cascade  Mountains.  There  an 
fill  men,  however,  wiio  put  up  hay  by  what  has  be 
"  rapid  process."  With  good  haying  weather  the  metl 
follows:  The  grass  is  cut  in  the  afternoon.  Being  un\ 
night's  dew  does  not  injure  it.  If  the  crop  is  heav} 
started  the  next  morning  as  soon  as  the  dew  has  dri< 
hay  is  gone  over  as  many  times  as  possible  during  i 
tefore  evening  it  is  raked  and  cocked.  The  hay  ther 
field  for  two  nights  and  a  day  and  until  the  dew  is  off  1 
The  cocks  are  then  scattered  and  aired,  especially  the  b 
of  them,  and  the  hay  is  hauled  to  the  mow  during  the 
requires  three  days  from  cutting  to  hauling.  The  hi 
evenlv  in  the  mow  so  that  it  may  all  settle  alike  and  e:? 
air  as  possible,  and  is  salted  at  the  rate  of  10  pound 
night  the  barn  is  tightly  closed  to  keep  out  damp  air. 

IIAY    CAPS. 

When  the  price  of  hay  is  high,  it  is  quite  probable 
can  be  used  profitably  in  making  hay  w^est  of  the  Cases 
The  use  of  caps  would  prevent  the  outside  of  the  cocl 
ing  too  dry,  and  would  thus  add  to  the  total  weight 
The  quality  of  the  hay  would  be  greatly  improved,  f 
practically  uniform  throughout.  The  use  of  caps  w^ou 
increase  the  certainty  of  saving  the  crop.  A  farmer  : 
used  hay  caps  for  ten  years.  He  thinks  they  materiall 
the  quality  and  the  quantity  of  his  hay.  Unfortunate 
present  no  hay  caps  on  the  market.  However,  they  m 
light  canvas  or  any  strong  cotton  cloth  in  sizes  to  sui 
5  feet  square,  with  pegs  or  weights  attached  to  hold 
when  in  use,  ought  to  give  satisfactory  service.  A  coa 
be  applied  to  one  side  of 'the  cloth.  The  caps  should  a 
after  being  used,  for  they  will  mold  if  piled  up  wet. 

THE  SHiO. 

That  the  silo  should  have  a  very  general  use  in  \s 
and  western  Washington,  not  only  for  the  preservati 
for  many  other  crops  as  well,  ought  to  be  apparent  f 
standing  of  the  climatic  conditions  of  the  region, 
stated,  most  of  the  hay  crops  are  ready  to  cut  during 
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Jiine,  while  spring  rains  frequently  continue  until  about  the  1st  of 
July.  (See  table  giving  the  distribution  of  rainfall  on  page  S.)  It 
will  thus  be  seen  that  haymaking  ordinarily  occurs  at  a  time  when 
good  weather  can  not  always  be  relied  upon.  If  meadows  are  pas 
tured  during  the  spring  to  retard  the  development  of  the  crop,  ?o 
that  haymaking  will  occur  after  the  late  spring  rains  are  over,  the 
yield  of  the  second  crop  is  usually  much  lighter,  since  its  growth  is 
confined  entirely  to  the  dry  season.  By  the  use  of  the  silo,  on  the 
other  hand,  the  first  crop  may  be  cut  for  ensilage  early  in  June,  even 
though  the  weather  be  unfavorable  for  haymaking.  If  cut  at  this 
time,  while  the  plants  are  still  growing  vigorously,  a  good  second 
crop  will  usually  mature  for  hay  early  in  August — ^the  best  haying 
season  of  the  year.  A  light  third  crop  can  be  used  for  pasture  or  cut 
for  ensilage  late  in  the  fall.  It  is  evident,  therefore,  that  the  use  of 
the  silo  will  practically  insure  the  saving  of  the  first  crop,  increase 
the  total  yield  per  acre,  and  cause  the  second  crop  to  mature  at  a 
time  when  good  haying  weather  can  usually  be  relied  upon. 

That  all  kinds  of  ensilage  should  be  finely  cut  may  be  desirable^ 
but  we  must  not  get  the  idea  that  it  is  essential.  For  ye^rs  ensilage 
of  the  finest  quality  has  been  made  in  western  Oregon  and  western 
Washington  out  of  whole  clover  and  grass  (timothy,  English  rye- 
grass, etc.).  In  making  ensilage  of  this  kind,  however,  there  are  two 
essentials — an  air-tight  silo  and  great  care  in  filling  it. 

Farmers  who  use  the  silo  as  indicated  above  agree  that  the  first 
crop  of  grass  and  clover  should  be  cut  for  ensilage  from  the  1st  to 
the  15th  of  June,  for  the  earlier  the  first  crop  is  cut  the  greater  will 
be  the  yield  of  the  second. 

Difficulty  is  usually  experienced  in  raking  up  freshly  cut  green 
grass  with  an  ordinary  hayrake.  Some  farmers  avoid  this  difficulty 
by  cutting  with  a  self-raking  reaper  or  a  mower  with  a  buncher  attach- 
ment. These  bunches  are  then  thrown  on  a  wagon  by  hand.  Others 
cut  with  an  ordinary  mower  and  load  from  the  swath  with  a  hay 
loader.  The  heavy  green  grass  often  bends  the  teeth  on  the  elevator 
bars  of  the  loader.  The  teeth  may  be  reenforced  by  nailing  blocks 
of  wood  on  the  elevator  bars  just  back  of  the  teeth. 

In  filling  the  silo  the  material  must  be  evenly  spread  and  thorouglily 
tramped,  so  that  all  of  the  air  possible  will  be  excluded.  If  this  is 
not  done  much  of  the  ensilage  will  spoil.  Two  principal  methods 
were  found  in  use  by  farmers  in  filling  silos.  In  the  first  the  freshly 
cut  grass  is  dropped  directly  into  the  silo  with  a  hayfork.  Two  men 
in  the  silo  spread  the  material  and  tramp  it  thoroughly,  especially 
around  the  edges.  The  center  of  the  silo  where  the  loads  from  the 
fork  fall  requires  but  little  tramping.  The  second  method  is  to  drop 
the  material  upon  a  platform  at  the  top  of  the  silo  by  means  of  hay 
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clings  or  a  hayfork.     A  man  upon  the  platform  thro> 
into  the  silo,  placing  it  as  best  he  can.     Another  r 
evenly  in  the  silo  and  tramps  it  thoroughly.     This 
safest  method,  for  there  is  less  chance  to  slight  the  wo 
days  after  the  silo  has  been  filled,  the  settling  of  th( 
allow  the  addition  of  two  or  three  loads  each  day,  e 
thoroughly  tramped  when  added.     When  the  filling  is 
top    is  covered  about  1  foot  deep  with  marsh  grass 
material  that  will  pack  closely  and  exclude  the  air. 
thoroughly  and  tramped  daily  for  several  days,  usin 
rels  of  water  at  each  wetting.     The  writer  has  seen  en 
lent  quality  made  from  whole  grass  in  this  way.     H 
ensilage  made  by  dropping  the  material  into  the  silo  ^ 
ing  and  tramping  that  was  practically  a  total  loss. 

THE  NATTJBE  OF  LEQUMINOnS  PLANl! 

Plants  that  produce  their  seed  in  two-valved  podji 
beans,  vetch,  and  alfalfa,  are  called  legumes.  Thci 
family  of  plants  as  soil  renovators  has  long  been  rec( 
just  what  way  they  are  capable  of  restoring  fertility 
not  been  undei^stood  until  recent  years.  If  the  roots  <i 
plant  he  carefully  removed  from  the  soil  little  lumps, 
or  tubercles,  will  usually  be  found  upon  them.  Thej; 
in  size  with  different  legumes  and  may  be  found  aloni 
On  the  roots  of  red  clover  thev  are  about  twice  as  h 
of  that  plant.  The  nodules  are  caused  by  bacteria  tli: 
in  the  roots. 

By  the  aid  of  the  bacteria  living  in  the  nodules,  lej 
are  enabled  to  assimilate  atmospheric  nitrogen.     Sin< 
stitutes  approximately  four-fifths  of  the  atmosphere 
plants  has  an  inexhaustible  supply  of  this  important 
nient.     Other  plants  can  not  assimilate  the  nitrogei. 
phere.;  they  can  obtain  it  only  from  decaying  orgai 
from  commercial  fertilizers  containing  nitrogen.     CI  ( 
show   the  tisues  of  leguminous  plants  to  be  very  ri 
hence  the  value  of  these  plants  when  plowed  under  a ; 
The  roots  of  a  clover  crop  ordinarily  contain  more  ni  I 
whole  crop  removes  from  the  soil.     As  these  roots  ( 
food  in  them  becomes  available  for  other  plants.     Nit : 
the  first  element  of  plant  food  that  needs  renewing;  1 
value  of  leguminous  plants  as  soil  renovators. 

Generally  speaking,  the  nodules  of  each  kind  of  le| 
by  certain  kinds  of  bacteria.     Thus  there  is  one  k  i 
another  for  red  clover,  another  for  common  vetch,  ! 
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any  rate  the  nodule- forming  bacteria  of  red  clover,  for  example, 
have  become  so  accustomed  to  that  plant  that  they  are  of  little  or 
no  value  in  forming  nodules  on  the  roots  of  most  other  legumes.  If 
nodule-forming  bacteria  are  not  in  the  soil  no  nodules  will  be  formed; 
the  failure  of  leguminous  crops  is  often  due  to  this  cause.  The>e 
bacteria  may  be  artificially  supplied  in  two  ways,  namely,  by  me^ns 
of  pure  cultures  of  the  bacteria  and  by  transferring  soil  from  one 
field  to  another.  For  further  information  regarding  these  two  meth- 
ods, see  page  24.  See  also  Farmers'  Bulletin  No.  240,  U.  S.  Depart- 
ment of  Agriculture. 

FOBAQE  CBOPS. 

In  the  pages  that  follow,  only  those  crops  are  discussed  that  have 
an  important  place  in  the  agriculture  of  the  region.  What  is  said 
regarding  methods  of  seeding,  culture,  and  feeding  these  crops  is 
based  almost  entirely  upon  the  farm  practice  of  the  region. 

RED  CLOVER. 

Considering  the  region  as  a  whole,  red  clover  {Trifoliym  pratense) 
is  easily  the  leading  forage  plant  west  of  the  Cascade  Mountains,  It 
thrives  best  on  rich,  well-drained  upland  soils.  Many  of  the  low 
lands  that  are  too  wet  and  cold  for  red  clover  become  adapted  to  it 
when  properly  drained.  If  allowed  to  develop  naturally,  this  crop 
matures  for  hay  early  in  June.  Rains  are  not  infrequent  at  this 
season  of  the  year,  and  it  is  a  common  practice  to  pasture  red  clover 
in  the  spring  until  about  the  first  of  May  to  retard  the  development 
of  the  crop,  so  that  haymaking  will  occur  during  good  weather. 
Red  clover  begins  to  grow  in  the  early  spring  and,  unless  the  soil  is 
very  poor  and  the  summer  very  dry,  remains  green  and  furnishes 
excellent  pasture  until  early  in  December. 

Generally  speaking,  red  clover,  reaches  its  highest  development  on 
the  coast  and  the  region  about  Puget  Sound,  where,  under  favorable 
conditions,  it  may  be  cut  three  times  during  the  year.  To  give  three 
crops  it  must  be  grown  on  rich  lands  and  must  not  be  pastured  in 
the  early  spring.  The  first  crop  should  be  cut  for  hay  or  ensilage 
early  in  June,  the  second  for  hay  in  August,  and  the  third  for  ensi- 
lage late  in  the  fall.  In  the  Willamette  Valley  difficulty  is  often 
experienced  in  getting  red  clover  established,  especially  on  land  that 
has  produced  cereal  crops  exclusively  for  years.  This  difficulty  is 
probably  due  to  the  methods  of  seeding,  the  dry  summers,  the  poor 
texture  of  the  soil,  the  lack  of  available  nitrogen,  and  possibly  the 
lack  of  nodule-forming  bacteria.  Red  clover  also  frequently  runs 
out  in  a  short  time.  It  is  believed  by  farmers  that  this  is  due  to  the 
ravages  of  the  clover  root  borer.     In  spite  of  these  difficulties,  how- 
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ever,  red  clover  is  one  of  the  leading  forage  plants  of  the  Willamette 
Vallev.  It  is  not  unreasonable  to  assume  that  these  hindrances  to  the 
growth  of  red  clover  are  largely  responsible  for  the  important  place 
that  common  vetch  occupies  in  the  agriculture  of  western  Oregon. 

In  the  Willamette  Valley  it  is  a  common  practice  to  apply  land 
plaster  to  clover  in  the  spring,  during  Maj^ch  and  April.  From  40 
to  60  pounds  per  acre  applied  on  the  surface  of  the  ground  in  the 
early  spring  are  said  to  double  the  yield  of  both  hay  and  seed.  Land 
plaster  has  the  same  effect  when  applied  to  other  leguminous  crops 
in  this  region,  but  it  is  essential  that  it  be  applied  early  enough  to 
receive  an  abundance  of  rain. 

METHODS  OF  SOWING. 

There  are  many  methods  in  use  for  sowing  red  clover  in  western 
Oregon  and  western  Washington,  some  of  which  are  given  below : 

(1)  Clover  with  early-sown  winter  wheat, — From  8  to  12  pounds 
of  clover  seed  per  acre  are  sown  in  the  early  fall  with  winter  wheat 
on  land  that  has  been  summer  fallowed  or  f ron^  which  an  earlv  culti- 
vated  crop  has  been  removed.  The  seed  is  usually  sown  broadcast 
and  covered  with  a  harrow.  If  the  clover  fails  to  catch  it  can  be 
sown  again  in  the  spring,  about  the  1st  of  March. 

(2)  Clover  with  late-sown  winter  wheat. — Early  in  the  spring, 
about  the  1st  of  March,  when  the  ground  is  heaving  slightly  from 
alternate  thawing  and  freezing,  from  8  to  10  pounds  of  clover  seed 
per  acre  are  sown  broadcast  on  late-sown  winter  wheat.  If  the 
ground  is  dry  enough  when  the  clover  seed  is  sown  it  may  be  covered 
with  a  harrow. 

(3)  Clover  with  spHng  oats  or  wheat, — With  this  method  a  good 
seed  bed  is  essential.  The  land  should  be  plowed  deep  in  the  late 
fall  or  winter,  and  as  soon  as  in  good  working  condition  in  the  spring 
it  should  be  cultivated  until  it  is  in  perfect  tilth.  If  the  soil  is 
inclined  to  run  together  it  may  be  necessary  to  replow  in  the  spring. 
Instead  of  plowing  in  the  fall  or  winter  it  may  be  done  in  the  early 
spring  and  the  seed  bed  prepared  immediately.  After  drilling  in 
a  full  crop  of  oats  or  wheat,  from  10  to  12  pounds  of  clover  seed  per 
acre  are  sown  and  covered  with  a  harrow.  In  western  Washington 
this  is  the  usual  method,  with  the  exception  that  either  timothy, 
English  rye-grass,  or  orchard  grass  is  usually  sown  with  the  grain 
and  clover.     On  wet  land  alsike  clover  often  forms  a  part  of  the 

•  mixture. 

(4)  Clover  alone, — When  clover  is  sown  alone  in  the  spring  the 
land  is  plowed  early  and  worked  down  fine.  About  the  1st  of  May 
it  is  again  thoroughly  cultivated  to  kill  weeds  and  prepare  the  seed 
bed.    From  10  to  12  pounds  of  clover  seed  per  acre  are  then  sown 

94 


16    FARM  PRACTICE  WITH  FORAGE  CROPS  IN  OREGON,  ETC. 

and  covered  by  harrowing.  The  clover  may  be  pastured  during  the 
first  season,  but  should  not  be  cropped  too  closely  during  the  driest 
part  of  the  summer.  This  is  becoming  quite  a  popular  method  in  the 
Willamette  Valley  and  very  satisfactory  stands  are  secured,  but  the 
use  of  the  land  is  almost  lost  the  first  year. 

Clover  may  be  sown  alone  also  in  the  late  summer  or  early  autumn. 
Although  this  method  is  seldom  used  it  is  probably  one  of  the  most 
satisfactory  ways  of  sowing  clover  west  of  the  Cascade  Mountains. 
If  sown  with  grain  in  the  fall,  clover  does  not  make  a  crop  the  next 
year,  but  if  sown  alone  in  the  late  summer  a  full  crop  is  secured  the 
next  summer.  It  is  essential,  however,  that  the  seeding  be  done 
early,  for  if  sown  in  the  late  fall  it  is  liable  to  be  winterkilled.  Only 
crops,  then,  that  can  be  removed  early  should  precede  clover  sown  in 
this  way. 

(5)   Glover  with  rape. — Sowing  clover  with  rape  is  a  very  succcjss- 
ful  and  popular  method  with  many  farmers  who  are  engaged   in 
raising  sheep  and  goats.     With  the  land  prepared  as  indicated   for 
sowing  clover  alone  in  the  spring,  from  10  to  12  pounds  of  clover 
seed  and  from  2  to  4  pounds  of  rape  seed  per  acre  are  sown  broadcast 
about  the  1st  of  Mav  and  covered  with  a  harrow.     If  the  ground  is 
rough  and  cloddy,  it  should  be  finished  with  a  roller.     If  this  mix- 
ture is  sown  on  a  thoroughly  pulverized  and  compact  seed  bed,  the 
rape   develops  rapidly   and   furnishes  excellent   pasture   for   sheep. 
goats,  calves,  or  swine  in  from  six  to  eight  wrecks.     The  tramping  of 
the  animals  w^hile  feeding  during  the  summer,  principally  on    the 
rape,  forms  a  dust  mulch  on  the  surface  of  the  ground.     In  this  way 
soil  moisture  is  retained  for  the  use  of  the  clover  during  the  dry  sum- 
mer season.     If  a  hay  crop  is  desired  the  second  season,  the  rape  is 
killed  by  pasturing  it  closely  with  sheep  during  the  late  fall  or  win- 
ter.    Sheep  eat  oflF  the  crowns  of  the  plants  close  to  the  ground  and 
the  rape  then  dies.     If  the  rape  is  not  killed  it  will  go  to  seed  the  next 
summer,  and  the  stalks  will  give  some  trouble  in  the  hay.     If  the 
clover  is  not  cropped  too  closely  the  first  summer,  this  method  gives 
an  excellent  stand. 

Failures  occur  frequently,  especially  in  the  Willamette  Valley, 
when  clover  is  sown  by  any  one  of  the  first  three  methods  described. 
With  rich,  moist  soil  of  good  texture  and  with  frequent  rains  during 
the  summer  these  methods  are  usually  successful.  But  with  soils 
that  are  inclined  to  puddle  and  dry  out  quickly — soils  that  have  pro- 
duced grain  crops  exclusively  for  a  number  of  years — ^they  often  give 
poor  results.  Under  such  conditions  the  grain  shades  the  clover  too 
much,  and  robs  it  of  the  moisture  necessary  to  carry  it  through  tlie 
first  summer. 


ALSIKE   CLOVER. 


THE   SEED   CHOP. 


Since  the  first  crop  of  clover  is  seldom  used  for  se 
hay  or  ensilage  about  the  1st  of  June  to  enable  the 
make  a  good  growth  before  the  dry  season  begins.  Inj 
the  first  crop  for  hay  or  ensilage,  clover  is  sometimes 
late  in  May,  and  the  first  crop  is  then  used  for  seed. 
first  crop,  however,  the  second  one  comes  on  more  ev< 
the  first  is  pastured. 

When  the  heads  of  the  seed  crop  are  pretty  well  drie 
brown  in  color  the  clover  is  cut  with  a  self-raking  re 
mower  with  a  buncher  attachment.  Bunches  of  the  { 
nary  wheat  bundle  are  dropped  in  rows.  When  the 
enough  to  powder  when  rubbed  in  the  hands  five  or  i 
thrown  together  by  hand  or  bunched  with  a  hayrake 
when  damp  with  dew.  The  thrashing  is  done  when 
clover  huller,  and  the  clover  is  hauled  to  the  ma< 
bottomed  racks  in  order  that  the  shattered  seed  may  r 

ALSIKE    CLOVER, 

Alsike  clover  {Trifolium  hyhridum)  has  a  much 
adaptability  in  western  Oregon  and  western  Washii 
clover.     It  thrives  not  only  on  soil  adapted  to  the 
clays  and  well-drained  soils — but  also  on   lowland 
bottoms,  and  many  soils  too  wet  and  cold  to  grow  i 
stems  are  much  finer  and  more  recumbent  than  thos« 
and  its  leaves  are  not  so  numerous.    The  yield  of  i 
very  satisfactory,  but  it  is  disposed  to  make  but  littl 
a  crop  has  fully  matured  for  hay.     If  cut  early,  hov 
to  make  a  very  satisfactory  second  growth.     A  delaji 
days  in  the  time  of  cutting  the  first  crop  makes  i 
difference  in  the  growth  of  the  second. 

Alsike  clover  makes  a  very  good  quality  of  hay  an- 
to  sow  with  timothy,  since  these  two  crops  mature  at 
It  is  a  perennial,  stands  grazing  well,  and  seems  t< 
susceptible  to  the  attacks  of  the  clover  root  borer  tha 
Since  alsike  clover  is  so  nearly  the  equal  of  red  clover 
way  it  should  be  given  a  thorough  trial  in  all  localii 
Cascade  Mountains  where  red  clover  may  have  failed 

From  what  has  been  said  it  is  evident  that  alsike  clo^ 
adapted  for  sowing  on  land  that  is  too  cold  and  wet 
in  mixtures  for  permanent  pastures,  and  on  forest  b 
slashings  that  are  to  be  used  for  pasture  for  several  y< 

The  seed  of  alsike  clover  is  quite  small  and  5  or  6  j 
will  be  found  sufficient  when  it  is  sown  alone.     With 
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all  that  has  been  said  regarding  the  seeding  of  red  clover  applies 
equally  well  to  alsike  clover. 

COMMON   VETCH. 

The  common  vetch  (Vicia  sativa)  is  perfectly  adapted  to  condi- 
tions west  of  the  Cascade  Mountains  in  Oregon  and  Washington  and 
thrives  even  on  very  poor  soil.  It  has  been  grown  in  the  Willamette 
Valley  for  many  years,  and  is  rapidly  replacing  red  clover  in  many 
localities.  It  is  an  annual  legume  of  great  value  as  a  nitrogen 
gatherer,  as  a  green  manure,  and  as  a  soiling,  hay,  and  pasture  plant. 
It  is  also  a  very  valuable  cover  crop  in  orchards  when  sown  in  the 
early  fall.  It  makes  excellent  ensilage,  and  dairy  cattle  prefer  the 
hay  to  that  of  red  clover.  The  yield  of  cured  hay  is  from  1^  to  4 
tons  per  acre.  A  seed  crop  yields  from  15  to  30  bushels  per  acre,  the 
yield  depending  quite  largely  upon  the  efficiency  with  which  the  seed 
is  saved.     A  bushel  of  clean  seed  weighs  a  little  more  than  00  pounds. 

METHODS   OF   SOWING. 

Common  vetch  stands  the  winters  admirably  in  western  Oregon 
and  western  Washington,  and  is  sown  in  the  autumn  from  the  last 
of  August  to  the  last  of  November.  It  is  sown  also  in  the  early 
spring,  but  fall  seeding  usually  gives  the  largest  yields.  The  stems 
of  this  vetch  are  not  strong,  and  heavy  crops  are  inclined  to  flatten 
out  on  the  ground.  "When  in  this  fallen  condition  it  soon  begins  to 
mold  and  is  very  difficult  to  harvest.  To  furnish  support  for  it  and 
keep  it  up  off  the  ground  a  bushel  of  oats,  wheat,  or  rye,  and  a  bushel 
of  vetch  per  acre  are  usually  sown  together.  Oat  hay,  especially  for 
dairy  purposes,  is  usually  preferred  to  that  of  wheat  or  rye,  and  for 
this  reason  oats  are  usually  sown  with  vetch,  winter  oats  being  sown 
in  the  fall  and  spring  oats  in  the  spring.  It  is  a  common  practice 
with  vetch  growers  to  sow  winter  oats  and  vetch  broadcast  in  the 
early  fall  on  land  that  has  raised  a  spring  crop  and  to  cover  the  seed 
with  a  disk  harrow.  If  the  land  is  loose  and  easily  worked,  this 
method  gives  good  results,  but  like  most  other  crops  vetch  gives  much 
better  yields  if  sown  on  a  well-prepared  seed  bed.  If  the  ground  is 
packed,  or  if  the  seeding  is  done  in  the  spring,  the  land  is  usually 
plowed  and  a  good  seed  bed  prepared. 

SOILING. 

Sown  with  rye  the  last  of  August  or  early  in  September,  common 
vetch  should  be  ready  for  soiling,  i.  e.,  feeding  green,  from  April  15 
to  May  1;  sown  with  winter  oats  or  wheat  October  1,  it  should  be 
ready  about  May  1;  sown  with  winter  oats  or  wheat  in  the  late  fall, 
it  should  be  ready  about  June  1;  sown  with  oats  in  February,  it 
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should  be  ready  about  June  15.  When  cut  in  the  early  spring  for 
soiling  a  second  crop  may  be  cut  or  pastured,  or  the  land  may  be 
plo'wed  and  planted  to  some  other  crop. 


THE   HAY    CHOP. 


Since  fall-sown  vetch  matures  for  hay  in  June  and  rains  are  not 
infrequent  at  this  season  of  the  year  it  is  quite  a  common  practice 
to  pasture  it  in  the  early  spring — ^March  and  April — to  keep  the 
growth  from  becoming  so  heavy  that  it  will  fall  before  it  is  cut  and 
to  retard  its  development  so  that  haymaking  will  occur  after  the 
rains  are  over.  If  the  crop  is  heavy  and  falls  during  bad  weather 
it  is  best  to  make  ensilage  of  it  immediately. 

When  the  seeds  are  just  appearing  in  the  first  pods  is  usually  con- 
sidered the  best  time  to  cut  vetch  for  hay.     Some  cut  it  earlier  than 
this,  while  others  allow  the  first  seeds  to  become  pretty  well  matured. 
If  the  crop  is  not  too  heavy  it  may  be  handled  in  the  ordinary  way, 
but  it  should  be  put  into  cocks  before  the  leaves  are  dry  enough  to 
be  broken  off  during  the  handling.     When  very  heavy  it  falls  more 
or  less,  and  usually  in  some  prevailing  direction.     When  in  this 
fallen  condition  the  rear  of  the  sickle  bar  of  the  mower  is  usually 
raised  and  the  guards  tilted  down.     Sometimes  a  man  follows  the 
mower  with  a  strong  pitchfork  and  when  the  vetch  clogs  he  sticks 
the  tines  of  the  fork  into  the  ground  just  behind  the  sickle  bar  and 
pulls  the  vetch  loose. 

Others  cut  vetch  in  but  one  direction,  the  opposite  way  from  that 
in  which  it  is  leaning,  driving  the  mower  back  idle  each  trip.  Men 
with  forks  throw  each  swath  out  as  it  is  cut,  so  that  the  mower  can 
get  through  without  the  vetch  clogging  on  the  sickle  bar.  Another 
w^ay  is  to  cut  a  swath  and  with  forks  roll  it  on  the  uncut  vetch ;  cut 
another  swath  and  roll  the  two  cut  swaths  on  the  uncut  vetch;  cut  | 
again  and  roll  out  the  three  cut  swaths.  This  process  forms  wind- 
rows of  three  swaths  each.     (See  fig.  1.) 

With  the  vetch  fallen  in  one  prevailing  direction,  others  cut  one 
way  only,  driving  the  mower  in  such  manner  that  the  fallen  vetch 
will  point  forward  and  away  from  the  direction  driven  at  an  angle 
of  about  45^.  A  little  experience  will  enable  one  to  determine  the  j 
proper  angle.  When  the  cutting  of  a  swath  is  finished  the  sickle 
bar  is  raised  and  the  mower  thrown  out  of  gear  and  driven  back  on 
the  swath  just  cut  to  mash  it  down  and  make  a  path  for  the  shoe  of 
the  sickle  bar  with  the  wheel  of  the  mower.  With  the  rear  of  the 
sickle  bar  raised,  the  guards  tilted  down,  the  vetch  lying  in  the 
direction  indicated,  and  the  last  cut  swath  lapping  up  on  the  uncut 
vetch  and  mashed  down  by  driving  the  empty  mower  back  over  it, 
the  inner  wheel  of  the  mower,  as  the  next  swath  is  being  cut,  runs 
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upon  the  swath  just  cut  and  holds  it  so  that  the  shoe  of  the  sickle  bar 
slips  over  with  little  or  no  clogging.  In  this  way  the  swath  upon 
which  the  wheels  of  the  mower  are  running  is  cut  in  two  again  aod 
another  clean  swath  is  also  cut  at  the  same  time.  Cutting  each  swath 
in  two  twice  makes  the  handling  of  the  hay  much  easier.  After  being 
cut  the  hay  may  be  cured  and  handled  in  the  usual  way. 


It  is  very  difficult  to  separate  the  seeds  of  wheat  or  rye  from  vetch 
Reed,  while  those  of  oats  and  vetch  can  be  separated  reasonably  well. 
For  a  seed  crop  that  is  intended  for  market,  therefore,  oats  and  vetch 


Fill.  l.-A  L'ommuii  metbud  ofcntting  Uingled  retcb.  The  flntsvath  cnt  Is  Tolled  OD  the  uncut 
yeteb:  aCIer  tbe  mower  pastes  sgaln,  the  donbJe  Bwsth  is  rolled  on  tbe  nncat  vetcb;  wben  tba  - 
inower  has  tut  under  this,  the  triple  BWBth  1b rolled  outiranl. 

are  usually  .sown  together  in  the  early  fall — about  a  bushel  of  each 
j>cr  acre.  In  the  spring  they  are  usually  pastured  until  April  to  keep 
the  growth  from  becoming  so  rank  that  it  will  fall.  The  vetch  then 
matures  in  July.  The  seed  matures  very  unevenly;  the  pods  burst 
open  when  overripe  and  exposed  to  the  sun,  and  much  of  the  seed 
may  be  lost  in  this  way.  The  best  seed  is  always  produced  in  the 
lower  pods  and  the  seed  crop  is  usually  cut  when  these  pods  are 
turning  brown  and  before  they  have  begun  to  drop  their  seed. 

If  the  crop  stands  up  well  and  is  not  too  heavy  it  is  cut  with  a 
binder  and  shocked  immediately.  From  12  to  15  bundles  are  put 
in  the  bottom  of  the  shock  and  other  bundles  built  on  top  of  thb 


VETCH   SEE] 

again,  letting  the  butts  of  the  upper  bu 
of  the  lower  ones.     Other  bundles  ar< 
covering  all  of  the  seed  pods  possible. 
of  a  great  deal  of  seed,  for  the  pods  di 
not  exposed  to  the  sun. 

If  strictly  pure  seed  is  desired,  veto 
the  rate  of  100  to  120  pounds  per  acre, 
sonably  well.  If  the  seed  crop  is  too  1 
mower.  With  pitchforks  the  first  cut 
vetch;  another  swath  is  then  cut  and 
the  uncut  vetch.  When  the  third  swai 
are  rolled  out.  This  forms  windrows 
then  placed  in  large  cocks  immediately 
little  exposure  to  the  sun  as  is  possible, 
cocking  largely  prevents  the  loss  of  \' 
and  raked  in  the  usual  way  the  wheeli 
the  rake,  and  the  tramping  of  the  horse; 
As  soon  as  the  vetch  is  dry  it  should  bi 
an  ordinary  thrashing  machine,  haulii 
with  tight  bottoms  or  with  canvas  spn; 
shattered  seed.  In  thrashing,  the  con: 
having  no  teeth  used  instead.  The  m<i 
down  and  plenty  of  wnnd  turned  on. 
vetch  for  seed  would  greatly  increase  i; 
cut  with  a  mower.  The  pods  on  the  sii 
and  burst  before  the  centers  of  the  cocl 
way  a  great  deal  of  seed  is  lost.  The  < 
the  surface  of  the  cock  from  the  dire: 
the  whole  cock  to  dry  more  evenly.  ( : 
on  p.  11.) 

In  growing  a  seed  crop  of  vetch  c< 
ground  by  the  bursting  of  the  pods, 
plowed  under,  much  of  it  will  be  coa  i 
The  amount  of  oil  in  the  seed  is  sue 
ground  for  years  without  decaying,  a 
near  the  surface  by  subsequent  plowin  ! 
a  pest  in  wheat  that  is  grow^n  for  ma  : 
seed  crop  of  vetch  may  be  prepared  f  i 
and  vetch  broadcast  in  the  fall,  witho  i 
with  a  disk  harrow.     Cut  the  oats  anc 
and  pasture  the  second  growth  close  ei  : 
maturing.     Grow  a  cultivated  crop  tli  ! 
then  be  readv  for  winter  wheat. 
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PEARL  VETCH. 

Pearl  vetch  {Vicia  sativa  alba)  has  been  grown  in  the  Willamette 
Valley  for  a  number  of  years,  but  is  comparatively  unknown  except  in 
the  vicinity  of  New  Era,  Oreg.  It  is  so  much  like  the  common  vetch 
{Vicia  satwa)  that  they  can  not  be  distinguished  except  by  the  color 
of  the  seed.  The  common  vetch  has  a  dark-colored,  mottled  seed, 
while  the  seed  of  pearl  vetch  is  a  light  salmon  color,  with  a  pearly 
luster.  The  uses  and  Values  of  these  two  plants  seem  to  be  identical, 
with  the  exception  that  the  seed  of  pearl  vetch,  it  is  claimed,  is  a  good 
table  vegetable,  being  used  particularly  in  making  soup.  Its  seed 
probably  also  makes  better  feed  when  chopped.  What  has  been  said 
regarding  the  uses,  culture,  and  handling  of  the  common  vetch  applies 
equally  well  to  pearl  vetch. 

FIELD   PEAS. 

Field  peas  (Pisum  arvense)  are  well  adapted  to  the  conditions  of 
western  Oregon  and  western  Washington.  They  do  well  on  a  large 
variety  of  soils,  but  are  especially  adapted  to  clay  soils  and  alluvial 
bottoms.  They  are  grown  for  grain,  hay,  ensilage,  and  soiling. 
Peas  are  nutritious,  and  the  hay  and  ensilage  are  eaten  with  relish  by 
most  kinds  of  stock.  When  grown  for  hay  about  2  bushels  of  peas 
and  2  bushels  of  oats  per  acre  are  sown  together  as  early^  in  the 
spring  as  the  condition  of  the  ground  will  permit.  When  sown  at 
the  same  time  the  oats  often  choke  out  the  peas.  This  may  be  largely 
avoided  by  sowing  the  peas  first,  preferably  with  a  drill,  since  the 
seed  is  diflScult  to  cover,  and  when  they  have  sprouts  on  them  about 
2  inches  long  drill  in  the  oats.  This  will  give  the  peas  the  start 
and  they  will  hold  their  own  much  better.  If  sown  broadcast  they 
should  be  well  covered  with  a  disk  harrow.  Peas  should  be  cut  for 
hay  when  the  seeds  in  the  first  pods  are  just  ready  for  table  use- 
Sown  in  the  early  spring  they  mature  for  hay  from  the  1st  to  the  15th 
of  July.  The  yield  is  from  1^  to  4  tons  of  hay  per  acre.  When  har- 
vested for  seed  the  yield  is  usually  from  25  to  30  bushels  per  acre. 
Peas  are  often  sown  alone  and  harvested  when  mature  bv  swine 
turned  into  the  field. 

The  pea  weevil  often  does  considerable  damage  to  the  pea  crop, 
especially  when  grown  for  seed.  When  sown  late,  peas  suflFer  much 
more  from  the  ravages  of  this  pest  than  they  do  when  sown  early. 
Since  they  stand  considerable  frost  they  should  be  sown  as  early  in 
the  spring  as  the  season  will  permit.  Of  late  years  peas  fail  in  some 
localities  from  other  causes  than  the  weevil.  They  assume  a  pale, 
sickly  appearance  and  the  yield  and  quality  of  the  hay  are  very  unsat- 
isfactory.    In  localities  where  this  happens  common  vetch  and  pearl 
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vetch  should  be  grown  instead  of  peas,  for  they  are  sure  crops  and 
are  equal  or  even  superior  to  peas  in  practically  every  way  as  a  forage 
plant. 

ALFALFA. 

At  the  present  time  the  growing  of  alfalfa  {Medicago  sativa)  west 
of  the  Cascade  Mountains  is  only  in  the  experimental  stage.  Small 
areas  are  to  be  found  in  various  places,  some  of  which  are  doing 
reasonably  well.  Most  of  these  have  not  been  planted  long  enough 
and  have  not  been  studied  sufficiently  to  justify  definite  conclusions  as 
to  the  future  usefulness  of  alfalfa  in  this  region.  There  are  many 
localities  with  well-drained  soils,  however,  in  which  it  will  unques- 
tionably succeed  if  given  proper  treatment.  In  regions  in  which  the 
rainfall  is  as  great  as  it  is  at  certain  seasons  west  of  the  Cascade 
Mountains,  alfalfa  requires  a  loose,  permeable  subsoil,  and  seems  to 
thrive  best  on  the  sandy  loams  along  the  water  courses.  The  best 
alfalfa  fields  noticed  were  on  the  sandy  alluvial  soils  on  the  Willamette 
and  Columbia  rivers.  The  water  table  of  land  selected  for  alfalfa 
should  be  at  least  4  feet  below  the  surface,  and  the  land  should  not  be 
subject  to  overflow.  Alfalfa  will  stand  considerable  flooding,  pro- 
vided the  water  is  running,  but  it  is  usually  destroyed  if  stationary 
water  covers  it  for  a  few  days. 

There  are  two  important  difficulties  to  be  overcome  in  the  successful 
production  of  alfalfa  in  this  region.  In  the  first  place  bluegrass, 
[English  rye-grass,  Italian  rye-grass,  velvet  grass,  couch-grass,  and 
many  other  grasses  and  weeds  have  a  strong  tendency  to  crowd  out  the 
alfalfa.  This  difficulty  is  largely  overcome  by  eradicating  these 
plants,  so  far  as  possible,  before  the  seeding  is  done.  Thorough  disking 
and  harrowing  at  a  time  when  the  alfalfa  has  made  but  little  growth, 
or  just  after  cutting  a  crop  of  hay,  tends  to  keep  it  vigorous  and  holds 
the  weeds  and  grasses  in  check.  The  disk  harrow  should  be  weighted 
to  make  it  cut  deep  and  should  be  set  about  as  straight  as  possible, 
so  as  not  to  cut  off  the  crowns  of  the  alfalfa  plants.  Although  these 
grasses,  when  growing  with  alfalfa,  actually  decrease  the  total  amount 
of  forage  produced,  they  also  decrease  the  danger  of  bloating  when 
the  field  is  pastured  by  sheep,  goats,  or  cattle.  In  fact,  grasses  are 
frequently  sown  with  alfalfa  for  this  purpose.  Secondly,  the  first  and 
last  crops  of  alfalfa  mature  at  seasons  of  the  year  when  it  is  very  diffi- 
cult to  make  hay  on  account  of  the  damp  weather.  This  objection  is 
obviated  by  using  the  first  and  third  cuttings  for  ensilage,  soiling,  or 
pasture. 

METHODS   OF   SOWING.  • 

This  must  be  governed  largely  by  local  conditions.  Land  that  Is  naturally 
well  drained  or  that  is  tiled  at  least  3  feet  deep  should  be  selected  for  this  crop. 
If  barnyard  manure  Is  available,  put  on  from  15  to  20  tons  per  acre  In  the  fall 
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and  plow  it  under  8  to  10  inches  deep.  In  tbe  spring,  when  the  land  is  in  good 
working  condition,  cut  it  up  thoroughly  with  a  disk  harrow  and  work  it  down 
fine.  Let  it  lie  for  a  week  or  ten  days;  then  give  a  good  harrowing  so  as  to 
destroy  all  weeds.  Sow  about  15  pounds  of  clean  seed  i>er  acre  and  cover  with 
a  harrow.  If  the  soil  is  inclined  to  be  dry,  finish  with  a  roller.  About  the  time 
the  seed  is  sown,  put  on  75  to  100  pounds  of  land  plaster  to  the  acre.o 

INOCULATION. 

The  failure  of  alfalfa  west  of  the  Cascade  Mountains  is  frequently 
due  to  the  lack  of  nodule-forming  bacteria  in  the  soil.  If  the  land  to 
be  sown  has  never  grown  alfalfa  before,  it  is  the  safest  plan  to  arti- 
ficially introduce  these  organisms.     This  may  be  done  in  two  ways : 

(1)  From  300  to  500  pounds  of  soil,  the  more  the  better,  may  be 
hauled  from  a  field  that  has  recently  produced  alfalfa  with  nodules 
on  the  roots,  and  scattered  evenly  over  the  surface  of  the  new  field. 
This  should  be  done  just  before  the  alfalfa  seed  is  sown  and  the  soil 
should  be  thoroughly  mixed  with  that  of  the  new  field  by  harrowing 
or  disking.  It  is  quite  expensive  to  inoculate  large  fields  in  this  way 
and  there  is  always  a  possibility  of  transferring  plant  diseases  from 
one  field  to  another. 

Of  scarcely  less  importance  is  the  danger  of  disseminating  noxious  weeds 
and  insect  pests  through  this  plan  of  inoculating  by  means  of  natural  soils. 
Even  though  weeds  may  not  have  been  serious  In  the  first  field,  the  great  number 
of  dormant  seeds  requiring  but  a  slight  change  in  surroundings  to  produce  ger- 
mination is  always  a  menace.  If  soil  Is  to  be  used,  how^ever,  whether  obtained 
from  near-by  fields  or  shipped  long  distances,  the  evidence  should  be  clear  that 
the  soil  Is  free  from  the  objections  mentioned  above.* 

(2)  Pure  cultures  of  the  proper  bacteria  may  be  used.  The  Bureau 
of  Plant  Industry  of  the  United  States  Department  of  Agriculture 
has  isolated  the  different  organisms  for  the  different  legumes,  is 
growing  them  in  pure  cultures,  and  furnishes  them  to  farmers  whose 
soil  conditions  seem  to  indicate  that  inoculation  is  necessary. 

Those  desiring  inoculating  material  should  write  to  Soil  Bacteri- 
ology Investigations,  Bureau  of  Plant  Industry,  Washington,  D.  C., 
for  an  application  blank.  To  avoid  delays,  requests  should  be  on 
file  several  weeks  before  the  material  is  to  be  used. 

Should  weeds  tend  to  crowd  out  the  alfalfa  during  the  first  year, 
they  should  be  mown  often  enough  to  hold  them  in  check.  The  cutter 
bar  of  the  mower  should  be  set  about  5  inches  high  in  order  that  the 
young  alfalfa  plants  may  not  be  cut  too  closely.  If  the  crop  mowed 
would  be  sufficient  when  dry  to  make  a  third  of  a  ton  or  more  of  hay 
(and  dried  weeds)  to  the  acre,  which  it  usually  will  be  in  spots,  it 
should  be  cemoved  from  the  field ;  if  less  than  this  it  may  be  per- 
mitted to  lie  where  it  is  cut. 


«  Dr.  .Tames  WIthycombe,  in  Bulletin  76,  Oregon  Experiment  Station. 
>  Farmers'  Bulletin  No.  240,  U.  S.  Dept.  of  Agriculture. 
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The  leaves  and  stems  of  alfalfa  sometimes  turn  yellow,  and  the 
crop  then  assumes  a  very  unthrifty  appearance.  When  this  condi- 
tion begins  to  manifest  itself  the  field  should  be  cut  immediately, 
even  though  the  growth  be  very  small.  This  will  tend  to  invigorate 
the  plants  and  keep  them  in  a  growing  condition.  If  the  growth  is 
sufficient  the  first  season,  it  may  be  used  for  either  hay  or  pasture, 
but  under  no  circumstances  should  it  be  closely  pastured  the  first  year. 

In  the  moist  climate  west  of  the  Cascade  Mountains  it  frequently 
happens  that  alfalfa  sends  up  young  shoots  from  the  crown  of  the 
plants  before  the  first  growth  begins  to  bloom.  When  this  occurs  it 
should  be  cut  at  once;  otherwise  the  first  crop  soon  begins  to  deterio- 
rate and  the  second  growth  will  be  seriously  stunted.  In  this  region  it 
is  very  essential,  therefore,  to  watch  alfalfa  closely  and  cut  it  as  soon 
as  these  young  shoots  begin  to  appear. 

Alfalfa  is  not  a  satisfactory  pasture  crop  for  cattle  or  sheep  because 
of  its  tendency  to  produce  bloat  in  these  animals  when  they  are 
allowed  to  graze  on  it,  but  for  horses  and  hogs,  particularly  hogs, 
there  is  no  better  pasture. 

TIMOTHY. 

Timothy  {Phleum  pratense)  is  the  standard  grass  in  Oregon  and 
Washington  west  of  the  Cascade  Mountains.  It  is  shallow  rooted 
and  naturally  adapted  to  moist  lands.  But  the  abundant  rainfall  of 
this  region,  distributed  as  it  is  through  so  many  months  of  the  year, 
makes  it  possible  for  it  to  succeed  on  practically  all  classes  of  soils 
except  the  sands  and  gravels.  There  are  individual  farmers  who  like 
other  grasses  better,  but  timothy  is  the  one  grass  that  is  universally 
known  and  grown.  It  has  l>een  the  standard  market  hay  so  long  and 
has  so  many  valuable  characteristics  that  it  will  require  years  for  any 
other  grass,  even  with  superior  qualities,  to  become  as  popular  as  tim- 
othy in  this  region. 

There  are  many  reasons  why  timothy  enjoys  this  popularity.  It 
has  the  best  seed  habits  of  any  of  our  cultivated  grasses.  The  seed  is 
usually  cheap,  has  a  very  high  percentage  of  germination  when  prop- 
erly matured,  is  easily  harvested,  and  retains  its  vitality  remarkably 
well.  The  hay  is  easily  cured,  stands  handling  well,  and  is  relished 
by  all  kinds  of  stock.  Unlike  many  other  grasses,  a  few  days'  delay 
in  the  time  of  cutting  makes  but  little  difference  in  the  quality  of  the 
hay — a  very  important  point  in  a  region  where  showers  are  not  infre- 
quent during  the  haying  season. 

West  of  the  Cascade  Mountains  timothy  is  most  frequently  grown 
with  red  clover.  It  is  sometimes  sown  in  the  fall  with  winter  whent 
and  the  clover  added  in  the  spring,  during  February  or  March,  when 
the  ground  is  thawing  and  freezing.  Another  method  is  to  prepare 
the  ground  in  the  spring  and  sow  the  timothy  and  clover  with  or 
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without  a  nurse  crop.  Still  another  way  is  to  sow  the  clover  in  the 
spring  with  a  nurse  crop  and  in  September,  after  the  grain  has  been 
harvested,  sow  the  timothy  on  the  stubble.  When  sown  with  a  nurse 
crop,  timothy  and  clover  arc  shaded  too  much,  especially  if  the  nurse 
crop  is  allowed  to  mature  for  grain,  and  unsatisfactory  stands  are 
often  obtained  in  this  way.  Perhaps  the  most  satisfactory  way  of 
sowing  both  timothy  and  clover  is  to  sow  them  without  a  nurse  crop 
in  the  late  summer  or  early  fall  on  land  that  is  as  free  as  possible 
from  weeds.  Good  stands  are  secured  in  this  way,  and  they  give 
excellent  yields  the  first  year.  Timothy  is  two  or  three  weeks  later 
than  red  clover,  and  when  they  are  grown  together  for  hay  either  the 
timothy  mu^  be  cut  a  little  immature  or  the  clover  allowed  to  become 
too  ripe.  For  this  reason  some  other  grasses  are  better  suited  than 
timothy  for  sowing  with  red  clover.  AVlien  sown  alone  from  (\  to 
10  pounds  of  timothy  seed  per  acre  are  sufficient.  For  a  seed  crop 
timothy  yields  much  better  when  the  stand  is  comparatively  thin. 
A  much  finer  quality  of  hay  is  produced  when  it  is  thick.  It  is  the 
general  rule  to  cut  timothy  for  hay  just  at  the  end  of  the  blooming 
period.  Cattle  prefer  the  hay  when  cut  at  this  stage,  while  horses 
seem  to  relish  it  better  if  it  is  a  little  more  mature. 

THE   RYE-GRASSES. 

English  rye-grass  {Lolium  perenne)  and  Italian  rye-grass  {LoJiurn 
italicum)  are  more  popular  on  the  Pacific  coast  west  of  the  Cascade 
Mountains  than  in  any  other  part  of  the  United  States.  The  moist, 
mild  climate  of  this  region  is  well  adapted  to  their  growth,  and  they 
are  very  popular  with  the  comparatively  few  farmers  who  grow  them. 
Stock  seem  to  prefer  them  to  all  other  grasses,  and  the  herbage  thej' 
produce  is  certainly  of  a  very  fine  quality.  The  rye-grasses  form  a 
close  sod  and  stand  cropping  and  tramping  well,  but  thej'^  do  not 
yield  so  well  as  some  other  grasses.  They  mature  early  and  are  well 
suited  to  sow  with  red  clover.  They  are  especially  adapted  to  low, 
moist  soils,  and  when  grown  under  favorable  circumstances  they  may 
be  cut  two  or  three  times  during  a  season.  Italian  rye-grass  is  prac- 
tically an  annual.  The  plants  do  not  all  die  at  the  end  of  the  first 
year,  but  they  amount  to  but  little  after  the  first  season.  Although 
usually  considered  a  |)orennial,  English  rye-grass  is  short-lived  and 
is  very  little  better  than  Italian  rye-grass  in  this  respect.  In  Eng- 
land, where  these  grasses  occupy  a  similar  position  in  agriculture  to 
that  of  timothy  in  the  United  States,  it  is  a  common  practice  to  allow 
seed  to  mature  before  they  are  cut  for  hay.  In  this  way  they  reseed 
themselves  and  last  from  year  to  year.  It  is  claimed  also  that  this  is 
a  safe  thing  to  do  so  far  as  the  quality  of  the  hay  is  concerned. 
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The  seed  of  these  grasses  is  usually  of  good  quality  and  germinates 
well.  It  weighs  from  14  to  20  pounds  per  bushel.  It  may  be  sown 
in  the  spring,  but  early  fall  seeding  gives  the  best  results  in  this 
region.  When  sown  alone  from  25  to  40  pounds  of  seed  per  acre 
should  give  satisfactory  stands.  The  rye-grasses  sown  with  clover 
make  excellent  silage. 

ORCHARD   GRASS. 

Orchard  grass  {Dactylvi  glomerata)  thrives  remarkably  well  on  all 
tillable  soils  west  of  the  Cascade  Mountains,  except  those  that  are 
very  wet.  It  is  the  earliest  grass  to  start  to  grow  in  the  spring;  it 
revives  quickly  after  it  is  cropped  by  stock  or  cut  for  hay,  especially 
if  the  soil  is  moist;  it  remains  green  during  the  summer  and  fall, 
and  is  relished  fairly  well  by  all  kinds  of  stock;  it  stands  grazing 
and  tramping  much  better  than  timothy,  and  lasts  for  a  number  of 
years  when  given  proper  care.  It  is,  therefore,  eminently  adapted 
for  pasture  purposes  and  should  form  an  important  part  of  every 
permanent  pasture  mixture. 

Orchard  grass  makes  an  excellent  quality  of  hay  if  cut  before  or 
just  after  the  blooming  period.  If  the  cutting  is  delayed  but  a  few 
days  beyond  this  period  orchard  grass  has  a  strong  tendency  to 
become  woody,  and  the  hay  is  then  of  poor  quality.  It  ripens  with 
red  clover,  and  under  favorable  circumstances  it  may  be  cut  twice 
during  a  season.  It  is,  therefore,  especially  well  fitted  for  sowing 
with  red  clover  when  intended  for  hay.  It  grows  in  bunches  and 
does  not  make  a  smooth  sod;  for  this  reason  it  is  seldom  sown  alone. 
Orchard  grass  is  a  little  early,  and  is  often  ready  to  cut  before  good 
haying  weather  has  l)egun.  This  fact  and  its  tendency  to  become 
woody  immediately  after  blooming  are  the  chief  drawbacks  to  its 
culture  west  of  the  Cascade  Mountains.  Its  earliness  is  an  advan- 
tage, however,  when  it  is  used  for  ensilage  or  soiling. 

The  seed  habits  of  orchard  grass  are  very  satisfactory,  and  the 
yield  is  from  15  to  18  bushels  of  seed  per  acre.  The  seed  weighs 
from  14  to  18  pounds  per  bushel.  When  sown  alone  20  to  25  pounds 
of  seed  per  acre  will  be  sufficient.  It  is  sown  either  in  the  fall  or 
spring.  If.  sown  in  the  early  fall,  without  a  nurse  crop,  it  should 
make  an  excellent  crop  the  next  year. 

MEADOW    FESCUE. 

Although  meadow  fescue  {Festuca  pi^atensis)  is  grown  but  little 
west  of  the  Cascade  Mountains,  it  is  highly  prized  by  those  who 
know  it.  Like  orchard  grass,  it  is  adapted  to  practically  all  of  the 
tillable  soils  of  the  region  except  those  that  arc  gravelly  or  very  wet. 
It  is  a  perennial;  lasts  much  better  than  timothy;  is  relished  l)y  all 
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kinds  of  stock ;  makes  a  good  quality  of  hay ;  and,  when  once  estab- 
lished, stands  tramping  and  grazing  well.  It  does  not  begin  t^ 
grow  so  early  in  the  spring  as  orchard  grass,  but  remains  green 
during  the  summer  and  makes  a  good  growth  during  the  fall.  -  It  is 
especially  adapted  to  a  place  in  meadow  and  pasture  mixtures  that 
are  to  occuj>y  the  land  for  a  number  of  years.  One  of  the  leading 
dairymen  of  the  Willamette  Valley  sows  the  following  mixture  in 
the  spring:  Meadow  fescue,  10  pounds;  English  rye-grass,  10  jwunds: 
timothy,  4  pounds;  red  clover,  4  pounds,  and  alsike  clover,  2  pounds. 
This  mixture  is  used  for  hay  for  two  years,  and  then  for  pasture 
three  years.  Of  the  grasses  in  this  mixture,  meadow  fescue  is  his 
favorite. 

Meadow  fescue  may  be  sown  in  the  early  fall  or  spring.  When 
sown  alone,  from  15  to  20  pounds  per  acre  of  the  best  seed  should  be 
used.  If  the  quality  of  the  seed  is  doubtful,  sow  more.  Kansas 
farmers  who  grow  their  own  seed  sow  only  12  to  15  pounds  per  acre. 

VELVET   GRASS. 

The  only  part  of  the  TTnited  States  in  which  velvet  grass  occurs  to  an  extent 
wortliy  of  notice  is  on  the  Pacific  coast  west  of  the  Cascade  Mountains,  from 
northern  California  to  the  Canadian  line.  In  that  sec*tion  it  is  indifferently 
called  velvet  ^niss  and  nies(iuite.  The  latter  name  should  never  be  applied  to 
this  grass,  as  it  is  used  for  several  other  very  different  grasses  in  the  Southwest 

It  is  generally  regardtMl  as  a  pest  on  the  Pacific  coast,  particularly  on  lands 
that  are  very  wet  in  winter  and  very  dry  in  summer.  This  is  csixH*iaIly  tin? 
case  with  lK)th  sandy  and  peaty  soils  on  the  coast.  It  is  not  utilized  for  ft*ed 
in  many  localities,  but  on  the  extensive  areas  of  sandy  land  around  the  mouth 
of  the  Columbia  River  and  at  one  or  two  points  inland  it  is  the  chief  reliance. 
l)oth  for  hay  and  pasture.  It  yields  ordinarily  about  half  a  ton  of  hay  |ier  acre. 
The  hay  is  remarkable  for  Its  lightness,  a  ton  of  it  l)cing  nuich  more  bulky 
than  a  like  weight  of  other  kinds  of  hay.  Horses  nearly  starve  before  they 
acquire  a  taste  for  velvet  grass,  but  when  the  taste  is  once  acquired  they  thrive 
upon  it  remarkably  well,  showing  that  it  is  highly  nutritious.  The  whole  plant 
is  covered  l)y  a  growth  of  wool-like  hairs,  from  which  fact  the  name  is  derived. 
It  is  unworthy  of  attention  except  on  the  classes  of  soils  above  mentioned.  On 
these  soils  it  drives  out  all  other  grasses.** 

Velvet  grass  {Holms  lanatus)  is  frequently  a  pest  in  meadows. 
The  seed  matures  very  early,  is  light,  and  shatters  readily.  When 
clover,  rye-grass,  and  timothy  are  ready  to  cut  for  hay  the  seed  of 
velvet  grass  is  usually  mature  enough  to  germinate.  The  wind  blows 
the  seed,  and  wherever  the  hav  is  hauled  or  handled  the  seed  is  scat- 
tered.  If  a  meadow  that  is  infested  with  velvet  grass  is  cut  a  litth* 
early  for  either  hay  or  ensilage,  the  seed  can  not  be  spread  in  this 
way.  Velvet  grass  gives  no  trouble  in  the  second  crop  of  clover. 
Fence  rows  and  waste  places  beside  meadows  should  be  mown  earlj 

o  W.  J.  Spillmau,  in  "  Farm  Grasses  of  the  United  States." 
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enough  to  prevent  seed  from  maturing.     If  these  precautions  are 
taken  the  grass  can  be  prevented  from  becoming  very  troublesome. 

To  eradicate  velvet  grass  cut  It  early,  before  the  seed  is  riiw,  generally  from 
the  10th  to  the  20tli  of  June.  About  the  1st  of  July  give  it  a  thorough  but  shal- 
low disking.  Repeat  the  shallow  disking  every  week  until  the  Tst  of  August 
and  then  spring-tootti  and  disk  again.  This  shallow  cultivation  during  the 
driest  season  will  kill  the  roots  and  leave  the  ground  with  a  very  fine  mulch  on 
top  and  plenty  of  moisture  in  the  subsoil.  The  land  may  then  be  reseeded  to 
elo¥«c  or  planted  to  any  crop  desired.** 

INDIAN    CORN. 

The  climatic  conditions  of  western  Oregon  and  western  Washing- 
ton are  not  well  adapted  to  the  growing  of  corn  {Zea  mays).  The 
nights  are  too  cool  for  its  best  development,  and  unless  very  early 
varieties  are  grown  difficulty  is  often  experienced  in  bringing  it  to 
maturity.  Nevertheless  corn  fills  an  important  place  in  the  crop- 
ping systems  of  this  region,  particularly  on  dairy  farms;  i.  e.,  for 
ensilage  and  for  feeding  green  during  August,  September,  and  Octo- 
ber. While  it  may  be  impracticable  to  grow  corn  for  the  grain,  it 
is  possible  by  selecting  very  early  varieties  and  using  sihmI  grown 
near  by  to  gi'ow  a  good  quality  of  ensilage  corn.  The  aim  should 
be  to  grow  those  varieties  that  reach  as  near  maturity  and  yield  as 
much  grain  as  possible.  The  large  southern  varieties  produce  very 
little  grain  here,  and  are  so  immature  when  put  into  the  silo  at  the 
end  of  the  season  that  too  much  acid  develops. 

The  following  table  gives  the  quantity  of  water  and  dry  matter 
in  corn  at  different  stages  of  growth,  as  determined  by  the  New  York 
(Geneva)  Agricultural  Experiment  Station: 

M^atcr  and  dry  matter  in  corn  at  different  pcriodn  after  taftfteling. 


Date  of 
cutting. 


Stage  of  growtli. 


I 


July  30 
Aug.  9 
Aug.  21 
Sept.  7 


Sept.  23  I  Ripe 


Fully  tanseled 

Fully  8ilked : 

Kernels  watery  to  full  milk. 
Kt^melB  glazing 


Corn  per 
acre. 


Water 
per  aero. 


Tons, 
9.0 
12.9 
16.3 
16.1 
14.2 


Tons. 
8.2 
11.3 
14.0 
12.5  i 
10.2 


Dry  mat- 
ter per 
acre. 


Tons. 
0.8 
1.6 
2.3 
3.6 
4.0 


This  table  is  very  interesting.  The  last  column  shows  the  dry 
matter  of  corn  at  different  stages  of  growth.  Ripe  corn  yields  five 
times  as  much  dry  matter  per  acre  as  corn  that  is  fully  tasseled, 
two  and  two-thirds  times  as  much  as  corn  fully  silked,  and  nearly 
one  and  three-fourths  times  as  much  as  corn  in  the  milk;  hence, 
the  importance  of  growing  com  for  ensilage  that  will  mature.    TJie 
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table  also  shows  the  great  waste  in  feeding  corn  green  instead  of 
letting  it  mature  properly  and  making  it  into  ensilage. 

In  order  that  ensilage  may  keep  well,  corn  should  be  cut  about  the 
time  the  kernels  are  well  glazed  and  dented.  If  it  is  cut  too  green, 
as  stated,  too  much  acid  develops;  if  cut  too  ripe  it  does  not  settle 
properly  and  the  air  is  not  sufficiently  excluded  to  prevent  spoiling. 
The  ripest  corn  should  always  be  cut  first  and  placed  in  the  bottom 
of  the  silo,  because  the  great  pressure  near  the  bottom  will  tend  to 
exclude  the  air. 

If  planted  on  rich,  mellow,  well-drained  land  between  the  middle 
of  May  and  the  first  of  June,  corn  should  be  ready  for  feeding  green 
from  about  the  1st  to  the  15th  of  August.  As  previously  stated 
early  varieties  should  be  planted,  and  seed  grown  west  of  the  Cascade 
Mountains  succeeds  better  than  eastern  seed. 

RAPE. 

Kape  {Brassica  napits)  has  been  grown  in  the  Willamette  Vallej' 
with  excellent  results  for  twenty  years.  It  is  a  succulent,  nutritious 
forage  plant,  admirably  adapted  to  the  moist,  mild  climate  of  tho 
Pacific  coast.  It  stands  considerable  freezing,  and  is  seldom  winter- 
killed west  of  the  Cascade  Mountains.  It  does  best  on  deep,  warm, 
well-manured  loamy  soils.  It  succeeds  well  also  on  peaty  soils,  but  is 
not  adapted  to  very  light  sandy  or  heavy  clay  soils.  It  is  a  heavv 
feeder,  and  must  not  be  expected  to  succeed  on  poor,  worn-out  land. 

Rape  is  an  excellent  crop  for  pasture  or  soiling,  i.  e.,  for  cutting  and 
feeding  gi-een  for  hogs,  sheep,  goats,  and  poultry.  Fed  to  dairy 
cows  it  causes  a  large  flow  of  milk,  but  to  avoid  tainting  the  milk 
it  should  be  fed  immediately  after  milking,  at  the  rate  of  30  to  50 
pounds  per  day,  in  two  feeds.  On  account  of  danger  of  bloating, 
sheep,  goats,  and  cattle  should  never  be  turned  on  rape  for  the  first 
time  when  they  are  hungry,  or  when  tlie  rape  is  wet  with  dew  or  rain. 
They  should  have  plenty  of  something  else  to  eat  first,  and  plenty  of 
salt  at  all  times.  It  is  a  good  plan  to  give  them  access  to  hay  or  a 
grass  pasture  to  prevent  overloading  on  rape.  When  sheep  have 
become  accustomed  to  it  they  may  be  left  on  it  continually  with  but 
little  danger. 

Rape  is  grown  and  utilized  west  of  the  Cascade  Mountains  in  sev- 
eral different  ways: 

(1)  When  grown  for  early  summer  use,  the  largest  yields  and  the 
best  results  are  secured  by  making  a  succession  of  plantings  at  inter- 
vals of  two  or  three  weeks,  beginning  in  the  early  spring  as  soon  as 
the  ground  can  be  put  into  perfect  tilth.  The  ground  should  be  well 
manured  and  the  seed  planted  in  drills  24  to  36  inches  apart  at  the 
rate  of  about  2  pounds  per  acre.    A  common  garden  drill  may  be  used 
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in  planting  small  areas,  hut  for  larger  fields  a  grain  drill,  with  some 
of  the  feed  hoppers  closed  to  make  the  rows  the  desired  distance  apart, 
answers  the  purpose  best.  As  soon  as  the  plants  are  sufficiently  large 
they  should  be  cultivated  often  enough  to  control  the  weeds  and  keep 
the  soil  in  good  tilth.  The  cultivation  will  retain  the  soil  moisture 
and  tend  to  keep  the  plants  growing  vigorously.  Unless  cultivated 
during  the  dry  portion  of  summer,  growth  almost  ceases  until  the 
fall  rains  come.  Rape  grown  in  this  way  may  be  used  either  for 
pasture  or  for  soiling. 

\^Tien  rape  is  used  for  soiling  purposes  it  should  be  cut  at  least  6 
inches  high,  so  that  the  plants  will  have  a  chance  to  grow  again.  In 
from  six  to  eight  weeks  after  planting  it  should  be  large  enough  to 
cut:  by  making  a  succession  of  plantings  green,  succulent  feed  should 
be  on  hand  throughout  the  summer.  If  rape  is  used  for  pasture,  the 
best  results  will  be  secured  by  having  a  number  of  small  fields  which 
are  pastured  alternately.  It  may  be  fed  in  this  way  also  by  means  of 
movable  fences.  Rape  should  be  from  12  to  14  inches  high  before  it 
is  used  for  pasture,  and  hogs  should  be  prevented  from  rooting  w^hile 
in  the  field.  \Mien  rape  is  removed  by  cutting  or  pasturing  closely, 
the  evaporation  of  soil  moisture  is  rapid,  and  it  should  be  cultivated 
as  soon  as  possible  if  a  second  growth  is  desired.  If  sown  in  drills, 
^tock  will  walk  between  the  rows  while  feeding,  and  much  less  will 
be  broken  down  and  destroyed  than  if  they  were  feeding  upon  rape 
that  was  sown  l)roadcast.  A  larger  yield  is  also  secured  by  planting 
rape  in  rows  and  cultivating  it. 

(2)  Another  favorite  way  of  growing  rape  is  to  sow  it  broadcast  at 
intervals  in  the  spring.  The  land  is  plowed  and  thoroughly  worked 
in  the  early  spring,  as  soon  as  it  is  in  good  working  condition,  and 
then  allowed  to  lie  until  the  seeding  is  done.  Just  before  each  piece 
is  sown  the  ground  is  cultivated  thoroughly  again  and  from  3  to  4 
pounds  of  seed  sown  and  covered  with  a  harrow  or  cultivator.  In- 
stead of  sowing  the  seed  broadcast  it  is  sometimes  planted  with  a 
common  grain  drill.  Rape  sown  the  1st  of  May  should  be  ready  for 
pasture  the  1st  of  July ;  if  sown  the  1st  of  June,  it  should  be  ready 
for  pasture  by  the  1st  of  August.  Grown  in  this  way  rape  makes 
excellent  pasture  during  the  summer,  fall,  and  early  winter. 

(3)  Another  method  of  raising  rape  that  is  popular  wath  many 
farmers,  especially  those  who  raise  sheep  or  goats,  is  to  grow  it  with 
clover.  The  method  of  doing  this  has  already  been  fully  described 
in  the  discussion  of  red  clover  (page  16). 

(4)  Rape  is  sometimes  sown  with  oats  in  the  spring  on  a  thor- 
oughly prepared  seed  bed.  The  oats  are  used  for  either  hay  or  grain. 
The  rape  grows  but  little  until  the  early  fall  rains  come,  after  which 
it  is  soon  ready  for  pasture.  From  2  to  4  pounds  of  rape  seed  per 
acre  are  sufficient  when  sown  in  this  way. 
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(5)  From  3  to  4  pounds  of  rape  seed  per  acre  are  also  sown  with 
corn  just  before  the  last  cultivation.  The  seed  is  then  covered  by 
the  cultivator  and  the  rape  comes  on  and  makes  good  pasture  as 
soon  as  the  corn  is  harvested.  It  may  also  be  sown  with  potatoes. 
but  it  docs  not  succeed  so  well  with  them  as  with  corn,  for  the  digging 
of  the  potatoes  destroys  much  of  the  rape.  Sown  after  early  potatoes 
are  dug,  it  gives  good  pasture  during  the  late  fall  and  early  winter. 

THE    SEED   CROP. 

Good  rape  seed  is  now  produced  in  the  Willamette  Valley  and  the 
region  about  Puget  Sound,  and  there  is  no  reason  why  farmers  should 
not  produce  their  own  seed.  Rape  is  a  biennial  and  does  not  product* 
seed  when  sown  in  the  spring  until  the  second  year.  If  sown  in 
Septemlx^r  or  October  it  matures  seed  the  following  June.  Rape 
may  be  cross-fertilized  by  kale,  cauliflower,  and  other  closely  related 
plants.  It  is  believed  to  cross  also  with  wild  mustard  and  wild 
turnips;  hence  none  of  these  plants  should  be  allowed  to  grow  near 
rape  that  is  intended  for  seed. 

For  seed,  rape  should  be  sown  alone,  and  it  is  very  desirable  to 
have  in  it  drills  in  order  to  cultivate  it  and  keep  it  free  from  the 
plants  mentioned.  Rape  that  is  planted  in  drills  in  the  spring  may 
be  usckI  for  soiling  during  the  summer  and  fall,  carried  through  the 
winter,  and  used  for  a  seed  crop  the  second  season.  If  sown  entirely 
for  a  seed  crop,  it  may  be  planted  in  the  fall — Septeml>er  or  October — 
after  some  early  crop  has  l)een  removed.  To  retard  development  of 
the  plants  so  that  the  seed  will  mature  after  the  late  spring  rains  are 
over,  it  should  be  pastured  or  cut  back  about  the  last  of  April  or  the 
first  of  May.  If  ripe  rape  gets  wet  the  seed  shatters  very  readily,  and 
the  retardation  of  the  development  of  the  crop  is  often  very  necessary 
in  order  to  have  good  weather  for  harvesting  the  seed. 

Rape  should  be  cut  for  seed  when  the  first  seeds  are  turning  brown. 
It  may  l)e  cut  with  a  binder  or  a  self-raking  reaper.  It  should  be 
shocked  in  such  manner  that  it  will  dry  out  quickly.  Birds  destroy 
considerable  of  the  seed ;  hence  it  should  be  thrashed  as  soon  as  dry. 
If  the  crop  is  not  too  extensive  a  man  with  a  team  and  sled  may  drive 
from  shock  to  shock  and  thrash  it  by  hand.  If  a  thrashing  machine 
is  used,  it  should  be  hauled  to  the  machine  in  tight-bottomed  racks,  or 
canvas  should  be  spread  over  the  racks  to  catch  the  shattered  seed. 
It  is  said  that  a  yield  of  1,000  pounds  of  seed  to  the  acre  is^not  unusual 
in  the  Willamette  Valley. 

Seed  may  l)e  purchased  of  local  seedsmen.  When  buying  seed, 
however,  one  should  always  call  for  Dwarf  EsvSex  rape.  There  are 
a  number  of  varieties  of  rape,  some  of  which  are  annuals  and  are 
grown  only  for  bird  seed.    If  these  annuals  are  spwn  in  the  spring 
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they  produce  seed  the  same  year  and  arc  liable  to  become  serious 
pests  when  once  introduced.  Complaint  has  been  made  that  Dwarf 
Essex  rape  becomes  a  weed,  but  it  is  easily  controlled.  It  docs  not 
produce  seed  until  the  second  season,  and  if  plowed  under  during  the 
fall,  winter,  or  spring  no  seed  can  be  produced. 

THOUSAND- HEADED    KAIJI. 

Thousand-hcjided  kale  (Brasulra  olemren)  has  be^n  grown  in  the 
Willamette  Valley  for  27  years.  It  attracted  little  attention  among 
the  dairj'men  nntil  recent  years,  but  is  now  rapidly  becoming  a  very 
popular  fall  and  winter  soiling  crop.     It  stands  the  mild  winters 


Pia.  S.— A  Held  of  thoiuand 

west  of  the  Cascade  Mountains  admirably  and  is  hauled  from  the 
field  and  fed  as  needed.  It  does  not  head  up  like  cabbage,  and  the 
name  "  thou  sand -headed  "  is  given  it  on  account  of  the  numerous 
branches  the  plants  have  when  given  jjlonty  of  room.  It  is  very 
much  like  rape,  but  the  plants  are  much  taller  and  the  leaves  are 
longer  and  broader.  A  field  of  this  crop  is  sliown  in  figure  2.  It  is 
claimed  that  kale  will  yield  30  to  40  tons  of  green  feed  per  acre 
when  grown  under  favorable  conditions. 

Kale  is  used  for  table  greens,  but  its  chief  use  on  the  Pacific  coast 
is  for  feeding  green  to  dairy  cows  from  October  to  April,  for  wliich 
it  is  highly  prized.     It  would  undoubtedly  be  an  excellent  winter 
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feed  also  for  hogs  and  poultry.  It  does  best  on  well-manured,  deep. 
rich  loams  and  sandy  soils.  The  only  objection  to  the  use  of  kale  i? 
the  difficulty  of  getting  it  out  of  the  field  when  the  ground  is  wet  and 
muddy.  For  this  reason  well-drained  land  should  be  selected  upK)n 
which  to  plant  this  crop. 

METHODS   OF   SOWING. 

For.  fall  and  winter  use,  kale  is  usually  sown  in  drills  on  well- 
prepared  and  well-drained  soil  as  soon  after  the  15th  of  March  as 
the  season  will  permit.  This  furnishes  plants  for  transplanting  in 
June  and  July.  The  land  used  for  transplanting  is  well  manured 
and  plowed  two  or  three  times  l)etween  the  1st  of  March  and  the  1st 
of  June.  With  the  land  in  perfect  tilth  it  is  plowed  again  with  a 
12-inch  plow  about  the  1st  of  June  and  the  young  kale  plants 
dropped  into  every  third  furrow  about  2i  to  3  feet  apart.  This 
places  about  one  plant  on  every  square  yard.  The  roots  of  the  plants 
are  placed  where  the  next  furrow  covers  them,  leaving  the  tops 
uncovered.  The  plants  that  are  plowed  in  during  the  day  in  this 
way  are  rolled  in  the  evening  of  the  same  day  to  pack  the  ground. 
Two  or  three  cultivations  are  all  that  can  usually  be  given,  for  the 
plants  will  soon  touch  in  the  row  if  they  do  well.  Any  plants  that 
fail  to  grow  may  be  replaced  by  hand.  Some  growers  prefer  to 
plant  the  seed  in  hills,  and  when  the  plants  are  large  enough  thin 
them  to  one  plant  in  a  hill.  Others  put  kale  out  just  as  cabbage  is 
usually  transplanted,  instead  of  plowing  it  in.  The  time  of  trans- 
planting must  be  determined  by  the  size  of  the  plants  and  tlie  condi- 
tion of  the  land.  If  the  land  is  wet  and  subject  to  overflow  the 
transplanting  may  be  delayed  until  during  July.  If  the  land  is  well 
drained  and  the  plants  are  large  enough  it  may  be  done  before  the 
1st  of  June.  In  transplanting,  enough  plants  may  be  left  for  a  stand 
on  the  land  where  the  seedlings  are  grown. 

FEEDING. 

As  previously  stated,  kale  stands  in  the  field  during  the  winter 
and  is  hauled  in  and  fed  green  as  needed  from  about  the  1st  of 
October  to  the  1st  of  April.  If  the  growth  is  forced  in  the  early 
spring  it  can  be  fed  much  earlier  than  the  1st  of  October.  To  avoid 
tainting  the  milk,  kale  is  fed  just  after  milking,  at  the  rate  of  25  to 
50  pounds  per  day,  in  two  feeds.  Some  let  it  wilt  before  feeding. 
Enough  may  be  hauled  in  at  a  time  to  last  four  or  five  days.  It 
should  not  be  thrown  into  heaps  and  allowed  to  heat.  Neither  should 
it  be  fed  wlien  frozen.  On  the  approach  of  freezing  weather  a 
supply  sufficient  to  last  several  days  may  be  placed  in  the  barn. 

To  haul  kale  from  the  field  during  wet  weather  it  is  best  to  wear 
a  gum  coat  and  gum  boots.     The  plants  can  then  be  cut  oflf  at  the  sur- 
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face  of  the  ground  with  an  ax,  thrown  into  piles,  and  loaded  on  a 
^wagon  with  a  pitchfork  without  serious  inconvenience  to  the  worker. 
Kale  grows  a  great  deal  during  the  fall  and  winter,  and  much  is 
lost  by  feeding  the  whole  plant  in  the  early  part  of  the  feeding  sea- 
son. By  using  only  the  lower  leaves  it  is  possible  to  begin  feeding 
quite  early  without  stopping  the  growth  of  the  plants.  With  the 
thumb  and"  fingers  of  the  hand  extended,  one  can  break  off  all  of  the 
lower  leaves  of  a  large  plant  with  three  or  four  downward  s-trokes 
of  the  hand.  This  is  not  practicable,  however,  during  damp  weather, 
for  the  leaves  would  be  too  wet  to  handle  in  this  manner. 

THE   SEED   CROP. 

An  excellent  quality  of  kale  seed  is  produced  in  the  Willamette 
Valley.  Like  rape,  it  is  a  biennial  and  does  not  produce  seed  until 
the  second  year.  Richard  Scott,  a  dairyman  of  the  Willamette 
Valley,  has  gi'own  kale  for  twenty-seven  years.  He  produces  seed 
about  as  follows:  There  is  considerable  variation  in  the  types  of 
individual  plants.  During  the  first  year  plants  with  many  rather 
narrow  leaves  that  begin  spreading  from  near  the  surface  of  the 
ground  are  selected.  This  type  of  plant  yields  more  and  stands  freez- 
ing better  than  a  plant  the  stem  of  which  is  bare  for  some  distance 
above  the  ground.  These  selected  plants  are  transplanted  in  Febru- 
ary in  some  isolated  place  to  prevent  cross-fertilization  by  undesirable 
kale  plants,  rape,  cauliflower,  and  other  closely  related  plants.  It  is 
believed  that  kale  crosses  with  wild  mustard  and  wild  turnip ;  hence 
none  of  these  plants  should  be  allowed  to  grow  near  kale  that  is 
intended  for  seed.  The  seed  crop  is  cut  when  the  fii*st  seeds  are  turn- 
ing brow^n.  If  the  crop  is  small,  it  is  usually  thrashed  by  hand.  A 
large  crop  may  be  handled  the  same  as  a  seed  crop  of  rape.  Birds 
are  fond  of  the  seed,  and  for  this  reason  it  should  remain  in  the  field 
only  until  dry. 

ROOT  CROPS. 

Since  the  soil  requirements  and  the  methods  of  culture  of  mangel- 
wurzels  {Beta  vulgans  var.  macrorhiza)^  carrots  {Daucits  carota)^ 
and  ruta-bagas  {Brassica  campestris)  are  very  similar,  they  will  be 
treated  collectively.  Like  rape  and  thousand-headed  kale,  they  suc- 
ceed best  where  the  weather  is  moist  and  cool.  Hence  their  eminent 
adaptation  to  western  Oregon  and  Washington.  In  this  region  the 
yield  of  these  crops  is  enormous,  the  ordinary  yield  being  from  20  to 
35  tons  per  acre,  while  reports  of  45  or  50  tons  are  not  infrequent. 

Root  crops  usually  succeed  best  on  deep,  moist,  friable  loam  soils. 
On  clay  land  they  grow  too  slowly,  and  the  soil  is  also  difficult  to  work. 
Ordinarily,  land  for  roots  is  heavily  manured  in  the  fall  and  then 
plowed  considerably  deeper  than  for  other  crops.     If  the  soil  runs 
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together  badly  during  the  winter,  it  is  replowed  in  the  early  spring. 
Instead  of  the  above  procedure,  the  manure  is  sometimes  spread  dur- 
ing the  winter,  the  land  plowed  deep  in  the  early  spring,  and  a  fine, 
firm  seed  bed  formed  immediately  by  disking,  harrowing,  rolling, 
planking,  etc.,  as  the  conditions  may  require.  Between  the  prepara- 
tion of  the  seed  bed  in  the  early  spring  and  planting  the  seed  during 
April  or  early  in  May  the  land  is  cultivated  snfficiently  to  keep  the 
weeds  subdued.  'Just  before  planting  the  seed  a  thorough  cultiva- 
tion is  given,  finishing  with  a  pianker  or  clod  masher.  This  de.'^troy?' 
the  weeds,  thoroughly  pulverizes  the  soil,  and  leaves  the  surface 
smooth  and  in  good  condition  for  planting. 

Mangel- wurzels  and  ruta-bagas  are  usually  grown  in  rows  from  2i 
to  30  inches  apart.  When  planted  in  continuous  rows,  enough  seed 
is  used  to  insure  a  good  stand. 
When  sown  with  a  hill-drop- 
ping planter,  the  hills  are  from 
8  to  15  inches  apart  and  4  or  5 
seeds  are  dropped  in  eac-h  hill. 
The  rows  of  carrots  are  usually 
18  inches  apart  and  the  hills  S 
inclies. 

As  soon  as  the  plants  can  Ix- 
seen  in  the  rows,  the  wheel  hoe 
is  started.  With  the  guards  of 
the  hoe  next  to  the  i-ow.  the  cul- 
tivation is  done  as  close  to  the 
row  as  possible  without  rever- 
ing or  disturbing  the  plants  too 
B.,^  T    *  ...    M  ..  u™  a    .  ~,     .1     ~i  ..     much.    Considerable  hand  weetl- 

FlG,  3- — A  **Hcaffle'*  hoe  aevised  aod   need  by 
W.  J.  Langdon.  Sumner,  Wash.,  In  thlnningnnd     iug    and      hoeing      Iwtween      the 

'^^l"'  ""*  ""^  '^  ^""^  '""^'^"''  '"""*  hills  and  along  the  rows  is  usu- 
ally necessary.  When  the  plants 
are  3  or  4  inches  high,  they  are  thinned,  leaving  the  most  vigorous 
plant  in  eacli  hill.  When  sown  in  continuous  rows,  the  thinning 
is  largely  done  with  a  hoe,  striking  across  the  row.  Subsequent 
cultivation  should  nt  leust  be  sufficient  to  keep  the  weeds  under 
control.  As  much  of  it  as  possible  is  usually  done  with  a  horse  cul- 
tivator. 

Instead  of  Iho  common  and  wheel  hoes  for  thinning  and  weeding, 
pome  prefer  to  use  a  "scuffle"  hoe,  (See  figs.  3  and  4.)  \Mien  in 
use,  file  blade  of  such  hoes  is  in  a  horizontal  position  and  is  pushed 
and  pulled  just  inider  the  surface  of  the  ground.  The  blade  shown 
in  figure  3  is  diamond  shaped,  about  2  inches  wide  in  the  middle  and 
one-Iialf  inch  wide  at  each  end,  and  about  8  inches  long.     About  an 
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inch  of  the  tip  of  one  end  is  turned  up  at  a  right  nnjyle  to  form  a 
^uanl  for  working  close  to  small  plants.  The  blade  of  the  hoe  should 
t»«  sharp  on  both  edges,  mo  that  it  will  cut  each  way  when  pushed  and 
pxilled.  In  order  to  make  it  take  hold  properly,  it  may  be  necessary 
to  l>end  the  edges  of  the  blade  down  slightly.  To  give  the  handle  the 
proper  angle,  the  shank  should  "be  curved.  It  should  Hatlen  out  into 
a.  narrow,  thin  plate  about  2  inches  long  and  fasten  to  the  blade  by 
means  of  two  rivets.  This  hoe  is  not  on  the  market,  but  may  be  made 
by  any  blacksmith.     An  old  saw  makes  excellent  blades.     The  shank 

should  l)e  made  of  Norway  iron, 

no  that  it  may  be  bent  lo  give  the 

handle  the  proper  angle. 

Kuta-bagas  are  sometimes  sown 

in  drills  i«  the  early  spring  ami 

transplanted  like  cabbagi.\     The 

plants  may  be  transplanted  like 

kale,  as  the  land  is  plowed.     The 

roots   of  the   plants   are   placed 

where  the  next  furrow  will  cover 

them  and  the  tops  are  left  sti<'k- 

ing   out.      For    this    metho<l    of 

transplanting,  see  the  discussion 

of  kale. 

About  the  1st  of  November  the 

roots    ore    topped,    pulle<l,    and 
.placed    in    narrow    bins    in    the 

barn.     Upon     the    approach    of 

cohl    weather   they   are   covered 

with  hay  or  straw.     The  tops  are 

sometimes  cut  off  with  a  sharp 

hoe  and  the  roots  then  dug  with 

a   potato   fork.     More  generally 

they   are   <lug  first,   the   worker 

pulling  on   the  top  of  the   nwt 

with  one  hand  as  he  bears  down  ujwn  the  handle  of  the  potato  f<»rk 

with  the  other.     The  roofs  of  two  or  three  rows  are  laid  together  with 

the  tops  one  way.     The  tops  are  then  cut  off  with  a  long-handled 

knife.     Some  twist  the  tops  off,  claiming  that  the  roots  do  not  bleed 

and  wither  so  much  as  they  do  when  the  tops  are  cut  off.     Roots  are 

grown  mostly  for  winter  use  and  are  fed  up  to  the  1st  of  .\pril. 

They  are  generally  sliced  l>efore  being  fed  to  dairy  cattle.     .Some 

dairymen  feed  them  whole,  claiming  that  cows  can  handle  large  roots 

nicety  and  that,  unless  the  slicing  is  carefully  done,  they  do  not  choke 

so  frequently  when  feeding  on  whole  i-oots  as  they  do  on  sliced  roots. 


r 


'lO.  t.— A  "Hcnffld"  hoe  Hiniilnr  !n  prini'iple 
M  that  Hliown  in  Hnure  3,  .levl^ted  by  A.  B. 
Leckenb)',  s™ttl«.  Wssh.  The  blailt^  of 
eitiier  of  thefli>  hfn.is  may  \^^^  made  from  aa 
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The  flat  or  fall  turnip  {Brassica  rapa)  is  also  grown  in  western 
Oregon  and  Washington.  Since  it  matures  quickly,  grows  mostly 
above  ground,  and  has  a  flesh  less  firm  than  that  of  other  roots  it 
does  not  keep  well  and  is  adapted  only  to  fall  and  early  winter  use. 
Its  soft  flesh  and  habit  of  growth  above  ground  make  it  an  admirable 
root  to  be  harvested  by  stock  turned  into  the  field.  It  is  usually  sown 
broadcast  on  clean  land  about  the  1st  of  July.  It  may  be  sown  also 
in  corn.  If  intended  for  winter  use  it  should  be  gathered  and  put 
into  bins  before  becoming  water-soaked  from  fall  rains. 

SOILING    (green    feeding)    CROPS. 

The  mild  winter  climate  and  abundant  rainfall  of  western  Oregon 
and  Washington  make  it  ahnost  an  ideal  region  for  the  production 
of  soiling  crops.  By  the  judicious  selection  and  planting  of  cro|K 
green  succulent  food  may  be  provided  for  the  dairy  cow  during  prac- 
tically the  entire  year.  That  a  much  greater  amount  of  feed  can  Iw 
obtained  from  the  same  area  of  land  by  this  system  as  compared  with 
pasturing  is  a  fact  well  recognized  by  progressive  dairymen.  Mudi 
of  the  tillable  land  of  this  region  is  now  very  valuable.  As  valuft* 
advance  beyond  the  limit  where  farm  land  may  profitably  be  used 
for  pasture  and  it  becomes  necessary  for  the  small  farmer  to  keep  the 
maximum  number  of  stock  upon  his  few  acres  of  tillable  land,  the 
growing  of  soiling  crops  becomes  of  vital  importance. 

Below  is  given  a  list  of  the  crops  that  are  used  for  this  purpose. 
The  dates  of  planting  and  the  approximate  dates  upon  which  these 
crops  may  be  used  are  also  given.  It  must  be  understood,  however. 
that  the  variation  in  seasons  prevents  one  from  saying  definitely  when 
a  crop  will  l)e  ready  to  use.  For  further  information  regarding  these 
crops  the  reader  is  referred  to  the  discussion  of  each  in  the  preceding 
pages  of  this  bulletin. 

Dates   for  planting   and   using  soiling  crops  in  western  Oregon   and   tre^/mi 

Washington. 


Crops. 


Ryeaud  vetch 

Wintor  oate  and  vetch  . . 
Winter  wheat  and  vetch. 

Rod  clover 

Alfalfa 

Oats  and  peas 

Oats  and  vetch 

Oats  and  peas 

Rape 

Oats  and  i)«is 

Rape 

Corn 


When  planted. 


September  1  to  15 

September  and  October. 
— do 


ji-Ct 


February 

do 

April •. 

May  1........ 

May 

June 

May  10  to  20. 


Turnips 

Thousand-headed  kale 


When  used. 


Mangel-wurzels,  carrots,  and  ruta-bagas. 


Julyl 

March  15  and  transplanted 

June  1. 
April 


April  1  to  May  15. 
May  15  to  Julyl. 

Do. 

Do. 
During  June. 

Do. 
June  15  to  July  15. 
During  July. 

Do. 
During  Au^rost. 

Do. 
During  August,   Septem- 
ber, and  October. 
Lat«  fall  and  earl]r  winter. 
October  15  to  April  1. 

October  15  to  April  1  (f«d 
from  bins,  pita,  or  root 
houses). 
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SEEDING  TIMBER  BX7BN8  AND  BX7BNT  SLASHTNGS. 

As  previousl}'  stated,  dense  forests  of  evergreen  timber  cover  a 
vory  large  portion  of  western  Oregon  and  western  Washington.  Dur- 
ing the  dry  season  of  the  yt^ar  forest  fires  overrun  large  areas,  killing 
practically  all  vegetation,  and  leaving  a  loose  blanket  of  ashes  on  the 
surface  of  the  ground.  These  burnt  areas  if  left  unmolested  for  a 
few  years  usually  produce  a  dense  growth  of  young  trees  and  brush 
and  are  practically  worthless  for  grazing  purposes.  In  clearing  land 
it  also  frequently  happens  that  the  timber  and  brush  are  slashed  and 
burnt  several  years  before  the  stumps  are  removed.  By  properly 
seeding  these  burnt  areas  they  may  be  made  to  produce  excellent  pas- 
ture. Since  the  stumps  are  in  the  gi'ound  and  there  is  therefore  no 
chance  to  cover  the  seed,  the  seeding  should  always  be  done  in  the  fall 
before  the  ashes  have  settled.  The  first  rain  that  comes  will  then 
cover  the  seed  sufficiently  to  insure  good  germination. 

Since  there  is  little  chance  to  improve  or  renew  the  stand  on  account 
of  the  stumps  and  timber  remaining  on  the  land,  only  seed  of  those 
plants  should  be  sown  that  last  a  long  time,  stand  close  cropping,  and 
yet  produce  as  much  growth  as  possible.  If  the  seed  is  sown  in  the 
unsettled  ashes  as  indicated,  little  difficulty  will  be  experienced  in 
getting  good  stands  of  white  clover,  alsike  clover,  red  clover,  orchard 
grass,  meadow  fescue,  timothy,  and  English  rye-grass.  A  mixture 
of  1  pound  of  white  clover,  3  pounds  of  alsike  clover,  10  of  orchard 
grass,  and  10  pounds  of  meadow  fescue  per  acre  should  give  satis- 
factorv  results  when  sown  in  the  unsettled  ashes  in  the  early  fall. 
Timothy  will  also  do  well  for  this  purpose.  Red  clover  and  English 
rye -grass  are  each  short-lived  and  should  form  but  a  small  portion  of 
the  mixture,  if  sown  at  all.  Timber  burns  that  have  been  seeded 
down  in  this  way  should  be  pastured  pretty  closely  to  keep  dowm  the 
young  trees  and  brush.  Goats  will  help  to  do  this  better  than  any 
other  kind  of  animal.  The  success  of  seeding  burnt  areas  in  this  way 
has  been  thoroughly  demonstrated  in  many  parts  of  the  region.  It 
is  only  a  question  of  sowing  the  proper  seed  at  the  proper  time. 
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LFITHR  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry,  • 

Office  of  the  Chief, 
Washington,  D.  C,  July  20,  1906, 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
*^ A  New  Type  of  Red  Clover  "  and  to  recommend  that  it  be  published 
as  Bulletin  No.  95  of  the  series  of  this  Bureau.  This  bulletin  was 
prepared  by  Mr.  Charles  J.  Brand,  Assistant  Physiologist  in  Plant 
Life  History  Investigations,  and  has  been  submitted  by  Mr.  A.  F. 
Woods,  Assistant  Chief  of  Bureau,  with  a  view  to  publication. 

Considering  the  great  extent  of  the  area  suited  to  its  cultivation, 
red  clover  is  the  most  important  forage  plant  and  manurial  force  in 
modern  agriculture.  Its  high  value  as  a  feed,  its  power  of  renewing 
and  increasing  the  fertility  of  the  soil  by  the  fixation  of  free  nitrogen, 
its  fitness  for  nearly  all  rotations,  and  the  fine  physical  condition 
in  which  it  leaves  the  soil  on  account  of  its  root  development  all 
contribute  to  make  success  in  its  cultivation  a  matter  of  vital 
importance  to  the  profitableness  of  farming  in  a  large  part  of  the 
United  States. 

In  the  course  of  his  studies  on  life  history,  seed  production,  and 
change  of  seed,  Mr.  Brand  has  encountered  a  European  strain  of 
red  clover  hitherto  not  recognized  in  this  country,  the  seed  of  which 
was  obtained  from  Orel  in  the  ''Black  Earth''  region  of  Russia, 
which  promises  to  prove  of  exceptional  value  both  on  account  of 
its  yielding  power  and  the  fine  quality  of  hay  which  it  produces. 

In  the  accompanying  bulletin  are  described  the  performance  and 
characteristics  of  the  plant  itself,  the  sections  where  and  the  condi- 
tions under  which  its  culture  may  be  expected  to  produce  the  best 
results.  The  new  type  is  not  recommended  to  take  the  place  of 
our  home-grown  strains,  but  to  supplement  them.  It  is  not  believed 
that  it  will  be  so  well  adapted  to  all  parts  of  the  clover  region  as  to 
the  Northwest,  but  it  is  hoped  that  it  may  help  to  extend  the  bound- 
aries of  the  present  clover-growing  area. 

The  work  covered  by  this  report  has  been  carried  on  in  cooperation 
with  the  Seed  Laboratory  and  with  the  assistance  of  the  Office  of 
Seed  and  Plant  Introduction  and  Distribution,  through  which  all 
seed  used  in  the  experiments  was  purchased. 

The  accompanying  illustrations  are  necessary  to  a  full  understand- 
ing of  the  text. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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A  NEW  TYPE  OF  RED  CLOVER. 


n^BODTJCTION. 

In  the  course  of  an  investigation  now  in  progress  on  the  Ufe  history, 
seed  production,  and  change  of  seed  of  medium  red  clover  {Trifolium 
pratense),  there  has  appeared  a  hairless  Russian  variety,  new  to  the 
United  States,  of  such  unusual  promise  as  to  make  it  seem  desirable 
to  publish  the  observations  thus  far  recorded  concerning  it. 

At  the  present  time  clover  culture  is  carried  on  in  a  large,  though 
quite  well-defined  area  of  the  United  States,  often  called  the  clover 
region,  shown  on  the  accompanying  map  (fig.  1).     Ohio,  Indiana, 
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Fig.  1.— Map  of  the  Unitcxl  States,  showing  locations  of  experiments  (o),  sources  of  seed  (  +  ),  and 

general  boundaries  of  the  clover  region. 

and  Illinois  are  the  most  important  clover-producing  States  of  this 
region,  the  boundaries  of  which  may  be  defined  about  as  follows:  It 
is  limited  on  the  north  by  the  forty-fifth  parallel  of  latitude ;  on  the 
east  by  the  Atlantic  Ocean ;  on  the  south  by  the  thirty-fifth  parallel, 
and  on  the  west  by  the  ninety-seventh  meridian.  These  boundaries 
do  not,  of  course,  mark  the  absolute  limits  of  clover  culture,  and  it  is 
almost  unnecessary  to  say  that  there  are  large  tracts  within  this 
so-called  clover  region  where  attempts  to  grow  red  clover  are  not 
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10  A   KEW    TYPE   OF   BED   CLOVEB. 

attended  with  success.  Furthermore,  excellent  growth  is  obtained 
in  a  few  regions  immediately  adjoining  this  area,  and  there  are  also 
several  sections  wholly  separated  from  it  where  clover  is  grown  with 
notable  success.  Among  the  latter  may  be  mentioned  the  Willamette 
Valley  of  Oregon,  the  Palouse  country  in  eastern  Washington,  and 
also  the  Gallatin  Valley  of  Montana,  where  red  clover  is  being  suc- 
cessfully and  profitably  grown  under  irrigation. 

A  lack  of  definite  information  has  for  a  long  time  existed  as  to  the 
exact  life  history  requirements  of  red  clover,  the  effect  and  impor- 
tance of  change  of  seed,  and  the  relative  seed  and  hay  producing  prop- 
erties of  the  different  varieties  in  use.  It  was  to  add  to  the  sum  of 
our  knowledge  on  these  and  other  points  connected  with  clover 
culture  that  the  present  experiments  were  instituted. 

THE  IMPORTAKCB  OF  CIjOVEB  Ctn«TT7B£. 

The  extraordinary  importance  of  clover  in  renewing  and  maintain- 
ing the  fertility  of  the  soil  has  been  amply  demonstrated  by  the 
experience  of  thousands  of  American  farmers  and  need  not  be  dealt 
with  to  any  length  in  this  connection.  It  is  sufficient  to  say  that  the 
thoroughly  systematic  and  careful  studies  of  recent  years  have  proved 
conclusively  that  the  beneficent  effects  of  clover  on  the  soil  are  due 
to  definite  symbiotic  relationships  which  exist  between  the  plant 
and  certain  bacteria  inhabiting  both  the  soil  and  the  roots  of  the 
plants.  Nitrogen,  at  once  the  most  important  and  costly  of  plant 
and  animal  foods,  is  the  element  conserved  in  the  soil  or  supplied 
from  the  air  as  the  consequence  of  this  relationship. 

The  need  for  broader  knowledge  concerning  a  plant  of  such  vital 
importance  to  our  present  methods  of  agricultural  practice  is  espe- 
cially great  just  now  when  the  status  of  clover  culture  in  a  large  part  of 
the  clover  region  is  so  unsatisfactory.  In  those  sections  Tvhere  the 
troubles  attributed  to  ''clover  sickness"  exist  in  an  aggravated  form, 
they  threaten  to  make  necessary  new  methods  of  agricultural  prac- 
tice in  order  to  maintain  farming  on  its  present  paying  basis.  Under 
the  methods  of  farming  now  in  vogue,  red  clover  possesses  the  val- 
uable manurial  properties  previously  referred  to  in  a  higher  degree 
of  availability  than  any  other  leguminous  crop  plant  at  present 
capable  of  growth  on  a  scale  extensive  enough  to  accomplish  what  is 
demanded  in  this  direction  in  the  large  area  suited  to  its  cultivation. 

These  conditions  make  it  seem  advisable  to  place  immediately  at 
the  disposal  of  the  American  farmer  any  facts  likely  to  contribute  to 
greater  success  in  clover  culture  in  its  present  well-defined  area  or  to 
aid  in  its  extension  into  sections  where  hitherto  its  culture  has  not 
been  attempted  or,  if  attempted,  has  been  attended  with  only 
qualified  success. 
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EUBOPEAN    OBJECTIONS    TO    AMERICAN    SEED.  11 

DOKBSTIC  VEBST7S  FOBEIGN  SEED, 

The  opinion  has  hitherto  prevailed  that  the  use  of  red  clover  seed 
-fram  European  sources  would  prove  unsatisfactory  and  unprofitable 
in  this  country,  both  from  a  hay  and  seed  producing  standpoint. 
This  conclusion  no  doubt  applies  correctly  to  the  majority  of  Euro- 
pean varieties  of  red  clover,  particularly  those  from  Italy,  France, 
and  some  parts  of  Germany,  which  appear  to  be  altogether  unsuited 
to  the  soil  and  climatic  conditions  of  the  clover-growing  area  of  the 
XJnited  States. 

The  term  ^'European  clover  seed''  as  used  in  the  United  States  is  a 

very  loose  inclusive  one  applied  indiscriminately  to  all  seed  imported 

into  this  country  from  European  ports.     It  includes  not  only  seed 

grown  in  Europe,  but  also  seed  from  South  America,  Canada,  and 

the  United  States  itself,  the  seed  having  been  exported  in  years  when 

the  crop  was  large  and  prices  consequently  low  only  to  be  shipped 

back  again  to  this  country  in  years  when  the  balance  of  supply  and 

demand  had  shifted  in  the  opposite  direction.     Inasmuch  as  red 

clover  is  grown  to  a  large  extent  in  almost  all  the  countries  of  Europe 

and  quite  careful  distinctions  are  made  there  between  seed  from  a 

number  of  sources,   the  general  designation  of  ^'European  clover 

seed*'  hitherto  used  in  this  country  appears  altogether  unwarranted 

and  misleading.     The  same  erroneous  classification  of  American  red 

clover  seed  is  current  in  Europe,  no  distinction  being  made  whether 

from  New  York,  Tennessee,  or  Oregon.     The  following  are  some  of 

the   numerous  regional  varieties   commercially  well  recognized   in 

Europe:  Steiermark,  English,  Bohemian,  Russian,  Danish,  Swedish, 

and  French.     Some  of  these  are  again  divided  into  early  and  late 

varieties;    for  example,  Early  Russian  and  Late  Russian. 

OBJECnOKS  OF  EUBOPEAK  GBOWEBS  TO  AMEBIOAK  BED 

CliOVEB.' 

One  of  the  most  frequent  complaints  made  by  European  growers 
against  American  clover  seed  is  on  account  of  the  dustiness  of  the  hay 
produced  from  this  seed.  This  dustiness  is  due  almost  wholly  to  the 
hairiness  of  the  plant.  That  there  is  a  great  difference  in  this  respect 
between  the  hairy  domestic  and  smooth  foreign  types  is  strikingly 
shown  in  Plate  II,  figs.  1  and  2.  The  hairy  form  of  plant  shown  was 
produced  from  American  commercial  seed,  while  the  smooth  one  is  a 
promising  Russian  clover  from  the  government  of  Orel,  designated 
as  No.  16.  This  difference  in  hairiness  is  accompanied  by  other 
distinctions,  the  most  important  of  which  from  an  economic  stand- 
point is  the  much  greater  succulence  of  the  smooth  plants  and  the 
consequently  finer  quality  of  the  hay,  the  loss  due  to  coarse,  woody, 
uneatable  stems  being  reduced  to  almost  nothing. 
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12  A   NEW    TYPE    OF   BED    CLOVER. 

HA£BT  CLOJTEB,  A  CATTSE  OF  BI^OATING. 

Cattle  are  less  liable  to  tympanites,  bloating,  or  hoven,  if  fed  on 
the  hairless  Orel  clover,  as  there  is  considerable  evidence  to  prove 
that  the  hairs  of  the  hairy  varieties  of  clover  become  aggr^at^ 
into  balls  in  the  rumen,  and  these  may  reach  and  block  the  pylorus 
or  even  the  entrance  to  the  stomach,  becoming  wedged  between  the 
Kps  of  the  esophageal  groove.  Either  would  tend  to  bring  on 
bloating,  which  is  always  directly  due  to  the  fermentation  of  food 
material  and  the  resulting  formation  and  accumulation  of  gas. 

That  cattle  prefer  the  smooth  form  to  the  American  strains  is 
undoubted.  Mr.  John  P.  Young,  in  cooperation  with  whom  the 
experiments  in  Nebraska  were  conducted,  states  in  a  recent  report 
that  ''the  cattle  fairly  lick  after  every  spear  in  one  end  of  the  rick 
for  that  Russian  strain  (No.  16),  while  the  other  end  remains  full  of 
apparently  just  as  good  hay,  put  up  at  the  same  time  and  in  the 
same  way."     (See  PL  I,  figs.  1  and  2.) 

SOME  GENEBAIi  OBJECTIOKS  TO  THE  GBOWING  OF  CLOVKB. 

Two  great  objections  have  long  been  made  against  red  clover 
culture  in  the  area  where  it  can  be  grown.  One  is  that  the  hav 
crop  matures  at  a  time  when  the  farmer's  best  interests  demand 
that  he  be  either  cultivating  his  com  or  harvesting  his  small  grains. 
The  other  is  involved  in  the  fact  that  perhaps  the  most  satisfac- 
tory, or  at  least  the  most  popular  method  of  seeding  clover  for  hay 
or  pasture  is  in  mixtures  containing  either  one  or  several  of  a  number 
of  grasses,  including  timothy,  bluegrass,  rye-grass,  orchard  grass, 
redtop,  brome-grass,  and  others.  Of  these  the  most  important  by 
far  is  the  clover- timothy  mixture,  and  against  this  it  has  ever  been 
argued  that  the  clover  matures  so  much  in  advance  of  the  timothy 
that  the  feeding  value  of  either  the  one  or  the  other  is  sacrificed  on 
account  of  the  time  of  harvesting.  This  serious  objection  can  be 
overcome  in  either  one  of  two  ways — the  discovery  or  breeding  of 
an  earlier  strain  of  timothy  or  of  a  later  variety  of  clover. 

Another  objection  to  clover  growing  which  is  not  infrequently 
heard  is  that  the  crop  matures  at  a  time  in  June  when  seasons  of 
rainy  weather  are  of  frequent  occurrence,  making  difficult  or  impos- 
sible the  proper  harvesting  and  curing  of  the  crop,  while  beginning 
with  the  latter  part  of  June  rainy  weather  is  much  less  common, 
conducing  to  the  successful  putting  up  of  hay  at  this  time.  A 
cursory  examination  of  the  weather  records  of  a  number  of  States 
seems  to  indicate  that  there  may  be  some  ground  for  this  objection. 

CERTAIN  OBJECTIOKS  OVERCOME  BY  NEW  TYPE  OF  CLOVBB. 

The  hairless  Orel  clover  overcomes  in  an  effectual  way  all  the 
objections  cited  by  maturing  practically  two  weeks  later  than  the 
domestic  strains  of  medium  red  clover.     This  factor  is  of  special 
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importance  in  sections  where  com  is  the  chief  crop.  At  the  time 
when  a  farmer  is  compelled  to  put  up  his  clover  hay  grown  from  the 
ordinary  strains  of  seed  it  is,  as  a  rule,  of  the  highest  importance 
that  he  be  concentrating  all  of  his  energies  on  the  cultivation  of  his 
cornfields.  The  corn  is  rapidly  approaching  a  stage  whien  jt  becomes 
difficult  or  impracticable  to  cultivate  longer.  Inability  to  give  the 
crop  the  necessary  care  at  this  time  may  mean  hundreds  of  doUars 
of  loss  in  a  single  year. 

I>ISADVANTAGE  OF  LATENESS  OF  MATTTBIKG  T7NDEB  SOME 

OONDITIOKS. 

• 

There  is  one  drawback  in  the  lateness  of  maturing  of  the  Orel 
strain  of  clover,  namely,  that  it  militates  against  the  production  of 
a  heavy  second  crop.  However,  in  southern  Indiana,  in  a  typical 
part  of  the  clover  section,  the  Kief  and  Orel  strains  gave  in  the 
order  mentioned  the  best  yields  of  seed  after  recleaning.  This  is  a 
point  that  will  receive  further  investigation  to  determine  as  accu- 
rately as  possible  by  a  study  of  their  limiting  conditions  the  regions 
in  which  the  new  variety  can  be  profitably  grown. 

£CEAVT  YIEIiD  OF  FIBST  CROP  AND  ACCBXTIKG  ADVANTAGES. 

The  heavy  yield  of  the  first  cutting  of  the  hairless  clover  should 
prove  indirectly  advantageous  in  wheat-growing  sections,  espe- 
cially in  the  winter-wheat  belt,  when  it  is  desired  to  hasten  the 
rotation  back  to  wheat,  as  the  increased  product  from  this  cutting 
would,  where  feed  production  was  not  a  paramount  necessity,  in  a 
measure  justify  the  immediate  or  early  plowing  up  of  the  field  pre- 
paratory to  reseeding  to  wheat.  On  account  of  the  dense  shade 
which  this  strain  gives  to  the  soil  by  virtue  of  its  heavy  growth,  the 
field  is  left  in  unusually  fine  physical  condition  for  plowing  up  after 
the  removal  of  the  first  crop.  A  rotation  practice  of  this  kind  might 
also  prove  valuable  by  postponing  for  several  years  the  clover  sick- 
ness from  which  all  soils  seem  destined  to  suffer  sooner  or  later.  In 
the  Dakotas  and  some  other  parts  of  the  Northwest  where  fall  plow- 
ing is  necessary  this  method  may  be  especially  useful  on  account  of 
the  fact  that  as  freezing  up  occurs  so  soon  after  the  maturing  of  the 
second  crop  it  is  likely  to  be  too  late  to  prepare  the  land  in  the 
autumn  for  spring  seeding. 

OTHER  POINTS  OF  EXCELLENCE  OF  HAiaLESS  CLOVEB. 

In  addition  to  the  advantage  of  the  smooth  clover  already  men- 
tioned— its  exceptionally  large  yielding  power  for  the  first  crop — 
the  fine  quality  and  dustlessness  of  its  hay  also  command  attention. 
In  reference  to  its  yielding  qualities  it  will  be  seen  later  on  that  under 
comparable  conditions  in  a  number  of  different  States  it  has  out- 
yielded  from  a  few  hundred  pounds  to  almost  two  tons  all  of  the 
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domestic  strains  that  have  been  under  test.     This  in   itself  is  of  1 
great  importance,  but  the  actual  gain  in  value  is  not  adequately  | 
covered  by  this  fact  alone.     On  account  of  the  succulence  of  the  ' 
plants  of  this  promising  variety,  the  general  quahty  and  texture  of 
the  hay  is  so  much  finer  that  the  percentage  of  waste,  due  to  refusal 
of  animals  to  eat  hard,  woody  portions,  is  reduced  to  a  minimum. 
Some  observations  on  this  point  indicate  that  cattle  waste  from  5  to 
10  per  cent  more  of  the  coarse  hay  of  other  strains  than  of  this  hair- 


Fio.!.— Plant  otTri/olium  -pnUenie  var.  joliotua,  showliig  peraiatlnE  basal  leavci. 
(Oi]&4<{xtli  natural  aii« ) 

less  clover.  Tlie  American  strains  vary  considerably  among  them- 
selves in  this  regard,  but  none  of  them  compares  favorably  with 
either  the  Orel  or  Mogileff  strains,  particularly  the  former. 

EFFECT  OF  PEBSISTINO   BASAL  LEAVES   ON   QUALITT  OF  HAT. 

A  point  of  considerable  importance  as  regards  the  excellence  of 
the  hay  produced  by  the  hairless  Orel  clover  No,  16  rests  in  the  facl 
that  it  leafs  much  more  profusely  than  the  American  forms.  This 
may  be  seen  by  reference  to  the  frontispiece  (PL  I,  figs.  1  and  2). 
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-Another  feature  in  this  connection,  which  is  better  illustrated  than 
described,  is  shown  in  figure  2.  Many  leaves  borne  on  the  long 
stalks  arising  from  short  stems  near  the  crown  of  the  root  persist  in 
a  growing  condition  until  the  plant  is  quite  mature,  and  are  cut  with 
the  hay.  In  the  specimen  from  which  the  illustration  was  made 
the  main  stems  were  cut  oflF,  leaving  only  the  basal  leaves.  Much 
of  the  leafiness  observable  in  Plate  I,  figure  1,  is  due  to  the  persist- 
ence of  these  leaves.  Compared  with  that  from  American  strains, 
a  large  percentage  of  the  hay  is  made  up  of  this  tender  leafy  mate- 
rial, which  improves  its  quality  and  increases  its  palatabiUty.  The 
American  strains  also  produce  these  leaves,  but  not  in  such  profu- 
sion, nor  do  they  persist.  (See  PI.  I,  fig.  2.)  As  a  rule  they  become 
brown  and  dead,  and  if  the  weather  be  wet,  decayed,  and  almost 
all  fall  off  before  the  hay  is  made. 

It  is  hoped  that  the  smooth  Orel  clover  will  prove  of  permanent 
value  especially  in  North  Dakota  and  South  Dakota,  where  clover 
culture  is  but  little  practiced  and  where  on  account  of  the  waning 
productiveness  of  the  soil,  due  to  continuous  cropping  with  wheat 
and  other  cereals,  this  crop  is  much  needed  for  renewing  and  main- 
taining soil  fertility. 

liATENESS  OF  HAIBIiESS  CliOVEB  WITH  BEFESEKCE  TO  INSECT 

BAVAGES. 

A  recent  circular*  prepared  by  the  Bureau  of  Entomology  calls 
attention  to  certain  insects  which  destroy  the  clover  seed  crop  and 
suggests  as  a  method  of  preventing  their  ravages  the  clipping  of  the 
clover  in  May  in  order  to  cause  blossoming  to  come  on  at  a  later 
date,  when  the  danger  from  injury  by  these  insects  has  passed.  It 
is  possible  that  the  natural  lateness  of  this  new  type  of  clover  may 
accomplish  this  same  result,  thus  doing  away  with  the  necessity  for 
early  clipping,  which  would  probably  make  impossible  the  securing 
of  more  than  one  crop  in  any  year. 

A  point  of  considerable  interest  and  importance  in  reference  to  the 
general  question  of  the  harm  done  by  insects  was  noted  on  the 
plants  at  Wapakoneta,  Ohio.  Grasshoppers  were  quite  numerous 
and  destructive  in  that  section  during  the  summer  of  1905.  The 
hairless  Orel  clover,  known  as  No.  16,  was  not  included  in  the  ex- 
periment, but  another  smooth  type  from  Kief,  Russia,  was  tested  at 
this  place.  It  was  found  that  the  j^jrasshoppers  preferred  the  hairless 
clover  to  such  an  extent  that  they  destroyed  ahnost  every  plant  of 
it,  but  did  not  molest  the  hairy  American  plants  on  the  neighboring 
plats. 

o"Some  InsecU  Affecting  the  Production  of  Red  Clover  Seed."     B}' F.  M.  Webster. 
CircuJar  69,  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture,  1906. 
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Despite  the  numerous  advantages  possessed  by  this  variety,  it  is 
not  believed  that  it  will  supplant  our  domestic  form,  but  rather,  on 
account  of  its  maturing  between  two  cuttings  of  the  latter,  supple- 
ment it,  especially  when  continuous  green  feeding  is  necessary  or 
desirable. 

EFFECT  OF  LATENESS  OF  MATT7BING  WHEN  SEED  PKODUCTION 

IS  DESIRED. 

In  many  sections  the  lateness  of  this  hairless  strain  of  clover  prom- 
ises to  be  a  drawback  when  it  comes  to  seed  production,  as  in  years 
when  it  is  desired  to  secure  seed  it  may  be  possible  to  secure  only 
either  a  light  crop  of  hay  from  an  early  cutting,  a  small  aftermath, 
or  a  considerable  amount  of  pasturage. 

SECTIONS  PAKTICUIiABLY  SXTITED  TO  THE  CULTIVATION  OF  THE 

NEW  TYPE. 

In  such  a  region  as  the  Willamette  Valley  of  Oregon,  or  in  any 
other  section  where  the  best  methods  of  management  indicate  that 
only  one  crop,  either  of  hay  or  seed,  and  a  light  aftermath,  or  some 
good  pasturage  can  be  advantageously  expected  from  clover  fields, 
the  extraordinarily  heavy  first  crop,  and  the  free  seeding  capacity  of 
the  late  hairless  clover  make  it  especially  desirable;  and  under  such 
circumstances  as  these  it  can  be  recommended  to  take  the  place  of 
our  domestic  form. 

SEED  OF  NEW  TYPE  INDISTINGUISHABLE  FBOM  OKDINABY  FOBM. 

Another  difficult,  though  not  insurmountable,  obstacle  to  the  gen- 
eral use  of  this  variety  lies  in  the  fact  that  the  seed  itself  is  indistin- 
guishable from  that  in  common  use.  However,  as  soon  as  there  is  a 
supply  of  seed  and  a  demand  for  it,  trustworthy  dealers  will  no  doubt 
furnish  seed  upon  which  dependence  may  be  placed.  The  Depart- 
ment of  Agriculture  has  at  the  present  time  only  sufficient  seed  of  this 
variety  for  experimental  purposes  and  none  for  general  distribution. 
Farmers  purchasing  seed  from  foreign  sources  purporting  to  be  of  the 
same  kind  are  urged  to  take  precautions  against  allowing  any  foreign 
weed  pests  that  may  be  readily  imported  with  the  seed  to  gain  a  foot- 
hold in  their  fields.  A  number  of  the  State  experiment  stations  and 
the  Seed  Laboratory  of  this  Department  make  purity  and  germination 
tests  without  charge;  hence,  a  farmer  before  purchasing  seed  should 
avail  of  these  facilities  for  insuring  himself  against  introducing  into 
his  farm  dangerous  weeds  or  from  buying  seed  of  low  germinating 
power. 
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In  the  following  pages  are  given  in  detail  the  data  concerning  each 
of  the  strains  experimented  upon,  special  attention  being  given  to  the 
hairless  Orel  clover. 

PXu^NS  OF  EXPERIMENTS,   OBIGIN  OF  SEED,   AND   METHODS  OF 

PBOCEDTJBE. 

For  the  present  experiments  about  thirty  regional  varieties  "  of 
red  clover  seed  were  secured  from  as  many  domestic  and  foreign 
sources.  Each  station  and  individual  cooperator  has  been  furnished 
with  a  series  including  from  16  to  2rof  these  strains,  and  these  are 
being  grown  side  by  side,  in  most  cases  on  acre  plats,  under  as  nearly 
uniform  conditions  as  possible.  The  varieties  came  from  sources 
having  a  great  diversity  of  climatic  and  soil  conditions  and  methods 
of  cultivation,  and  are  now  being  grown  under  a  range  of  conditions 
representing  scarcely  less  diversity  than  those  under  which  they 
originated.  Twenty  States  are  represented  in  the  whole  experiment, 
but  of  this  number  it  is  proposed  to  deal  here  only  with  those  localities 
where  the  promising  Russian  variety  before  mentioned  is  being 
grown:  Minnesota,  North  Dakota,  South  Dakota,  Nebraska,  Indiana, 
Ohio,  and  Ontario. 

The  circles  on  the  sketch  map  of  the  United  States  (fig.  1)  show 
the  approximate  location  of  each  of  the  stations,  while  the  crosses 
indicate  the  general  region  of  each  State  from  which  the  strains  of 
known  American  origin  were  secured. 

In  the  case  of  domestic  varieties,  every  eflFort  was  made  to  secure 
seed  that  had  been  grown  in  the  region  of  origin  for  a  period  of  years 
and  whose  ancestry  could  as  a  consequence  be  followed  to  some  extent. 
In  most  instances  the  American  strains  used  are  directly  traceable  to 
the  identical  field  which  produced  them,  and  soil  samples  have  been 
secured  for  examination  and  comparison  with  the  soils  into  which 
they  were  transplanted.  In  the  present  bulletin  only  those  varieties 
grown  in  comparison  with  clover  No.  16,  the  promising  Russian 
variety,  will  be  discussed.  All  of  the  seed  used  in  the  work  was 
secured  by  the  Office  of  Seed  and  Plant  Introduction  and  Distribu- 
tion, the  foreign  seed  through  Dr.  E.  A.  Bessey  and  that  of  home- 
grown varieties  through  the  writer. 

a  The  term  ''variety"  is  not  used  in  its  strict  botanical  significance,  but  is  employed 
to  designate  seed  from  more  or  less  widely  separated  sources. 

5164— No.  95-06 3 


18 


A    NEW   TYPE    OF   BED    CLOVER. 


The  following  table  shows  the  region  of  origin  of  each  strain  grown 
in  the  different  localities :  ^ 

Table  I.  — Source  of  dover  seed  used  in  experiments  and  the  localities  in  idiich  it  una  tetied. 
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SOTJBCBS  OF  BirSSIAN  CLOVEB  SEED  EXCEPT  NO.  16. 

Four  Russian  varieties  were  included  in  that  part  of  the  experiment 
under  discussion,  but,  as  may  be  seen  by  reference  to  Table  I,  not  all  of 
these  were  included  in  the  series  tested  in  each  of  the  six  States. 
Russian  seed  No.  15  was  purchased  in  the  open  market  under  the 
trade  name  *' Russian  Rio."  This  seed  was  grown  in  the  Province  of 
Kief,  in  southwestern  Russia,  and,  in  common  w^ith  all  other  strains 
used  in  this  test,  is  of  the  crop  of  1903.  Seed  from  this  same  region, 
but  of  a  previous  crop,  made  a  particularly  good  showing  in  Wisconsin 
in  1903,  producing  a  plant  that  appeared  to  possess  several  excellent 
qualities  not  common  to  our  ow^n  domestic  strains.  On  this  accoimt 
a  special  effort  was  made  to  include  a  sample  of  this  seed  in  these 
comparative  experiments.  Its  productiveness  and  quality  in  1903 
were  fully  equaled  in  1905,  and  but  for  the  superior  performance  of 
No.  16,  with  which  it  has  many  points  in  common,  it  might  well  be 
recommended  for  use  in  the  Northwest  and  elsewhere  to  take  the 
place  of  our  domestic  strains.  It  has  in  all  cases  proved  to  be,  like 
No.  17,  intermediate  in  lateness  of  maturity,  being  later  than  No.  18 

a  The  minus  sign  indicates  that  the  strain  opposite  which  it  occurs  was  oniiUed  from 
the  series  grown  in  the  State  specified. 
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and  all  the  American  strains,  but  earlier  than  No.  16,  to  which  later 
experiments  may  show  it  to  be  superior  under  certain  climatic  and 
soil  conditions. 

Of  the  other  three  Russian  varieties,  Nos.  17  and  18  were  secured 
from  the  following  sources:  No.  17  (S.  P.  I.  No.  10533)  was  grown  by 
M.  Legsdin,  near  Shlobin  (52°  50'  N.,  30"^  E.)  in  the  valley  of  the  Dnie- 
per, in  the  southern  part  of  the  Mogileff  government,  and  was  pur- 
cliased  from  Mr.  Heinrich  Goegginger,  of  Riga.  No.  18  (S.  P.  I.  No. 
10534)  was  obtained  through  Fr.  Lassman,  of  Riga,  and  was  pror 
duced  near  Neuhof  (24°  35'  E.,  56°  53'  N.),  in  the  Baltic  Province  of 
Courland,  on  the  estate  of  M.  Sellin. 

SOUBCE  FROM  WHICH  BITSSIAN  SEED  NO.  16  WAS  OBTAINED. 

The  seed  of  the  promising  hairless  clover  No.  16  (S.  P.  I.  No.  10532), 
to  which  it  is  desired  to  call  special  attention,  was  obtained  by  Dr. 
E.  A.  Bessey  through  H.  Goegginger,  of  Riga,  and  was  produced  on 
the  estate  of  a  German  grower  near  Yeletz,  in  the  eastern  part  of  the 
Orel  government.  The  grower  made  a  practice  of  saving  his  own 
seed,  and  hence  this  strain  had  been  grown  on  the  same  estate  for  a 
number  of  years. 

According  to  Mr.  Goegginger,  the  government  of  Orel  furnishes  the 
best  red  clover  seed  obtainable  in  Russia.  Its  chief  crops  are  winter 
rye  and  oats,  and  it  is  in  rotation  with  these  that  the  clover  is  grown. 
A  small  quantity  of  winter  wheat  is  also  grown. 

THE  SOIL  AND  CLIMATE  OF  OBEL. 

Yeletz  is  situated  about  longitude  38°  E.  and  latitude  52°  N.,  and 
lies  well  within  the  famous  ''Black  Earth''  or  Tchemozom  region  of 
Russia.  This  region,  comprising  about  250,000,000  acres  of  the 
most  fertile  soil  in  the  world,  resembles  strikingly  in  many  features 
of  both  soil  and  climate  our  own  Great  Plains  region.  According  to 
Sibirtzew "  the  Tchernozom  extends  from  the  Austrian  and  Rou- 
manian frontier  in  a  general  east  by  northeast  direction,  forming  a 
great  band,  varying  in  width  from  250  to  650  miles,  across  the  whole 
empire.  The  climate  of  this  wonderfully  fertile  area  is  typically 
continental.  The  average  mean  annual  rainfall  of  this  region  varies 
ordinarily  between  16  and  22  inches  and  the  temperature  ranges  from 
30°  F.  or  more  below  to  more  than  100°  F.  above  zero. 

According  to  Murchison,  Venieuil,  and  Keyserling,^  the  black  soil 
of  the  eastern  part  of  the  Orel  government  is  especially  rich  in  marl 
and  limestone.  In  the  light  of  our  knowledge  on  the  general  bene- 
ficial effects  of  liming,  it  appears  altogether  probable  that  this  factor 

oEtudo  des  Sols  de  la  Ruasie.    C^mptc  Rendu  Coiigr^s  G^ologiquo  International,  St. 
Petersburg,  1899,  pp.  7^-125. 

b  The  Geology  of  Russia  in  Europe  and  the  Ural  Mountains,  London,  1846,  Vol.  II,  pi.  6. 
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may  contribute  to  a  considerable  extent  to  the  success  of  cloTer 
growing  in  this  area. 

Orel  occupies  an  elevated  position  in  comparison  with  the  govern- 
ments which  border  it  on  the  south;  on  this  account  its  climate 
resembles  more  strikingly  that  of  the  states  that  bound  it  on  the  nortL 
Its  relatively  high  altitude,  exposing  it  completely  to  the  winds,  is  the 
cause  of  the  more  or  less  sudden  changes  in  temperature  to  which  this 
area  is  subject.  These  changes  are  induced  by  the  warm  winds  which 
come  from  the  south,  southeast,  and  east,  and  by  the  cold  winds  from 
the  north,  northwest,  and  west.  The  mean  annual  temperature  at 
Orel,  the  nearest  point  to  Yeletz  for  which  complete  meteorological 
observations  could  be  found,  is  40.9°  F.  The  seasonal  means  are  as 
follows:  Spring,  38.48°  F.;  summer,  66.11°  F;  autumn,  43.08°  F.; 
winter,  15.08°  F.  The  absolute  maximum  temperature  thus  far 
observed  is  97.5°  F.,  while  the  absolute  minimum  is  —29.2**  F.  An 
average  for  a  period  of  years  shows  107  clear  days,  127  with  rain  w 
snow,  and  131  variable.  The  normal  annual  precipitation  is  20.2 
inches.  The  rivers  of  the  Orel  government  are  covered  with  ic«  on 
an  average  for  119  days  during  the  year — from  the  first  part  of 
December  until  early  in  April.  The  climate  will  thus  be  seen  to  he  a 
relatively  temperate,  continental  one,  resembling  that  of  central 
Russia  in  general,  but  having  somewhat  more  variable  atmospheric 
conditions  which  often  prove  unfavorable  to  agriculture.  Devastating 
storms  are  not  infrequent  in  summer,  while  snowfalls  accompanied  or 
followed  by  high  winds  are  common  in  winter. 

From  this  brief  characterization  of  the  climatic  conditions  of  the 
region  from  which  Russian  seed  No.  16  was  obtained,  its  likeness  to 
that  of  our  own  northwestern  prairie  country  can  be  easily  seen,  and 
added  reasons  for  the  promise  of  this  strain  of  red  clover  in  the  North- 
west are  readily  discernible.  A  beneficial  change  of  seed  has  been 
accomplished  between  two  regions  having  typically  similar  climatic 
conditions  and  soils  that  are  singularly  alike  both  in  mechanical 
structure  and  chemical  composition.  The  presence  in  both  of  a 
relatively  large  quantity  of  lime  in  a  perfectly  combined  st^te  is  per- 
haps one  of  the  most  important  similarities  between  these  two  widely 
separated  soil  areas. 

The  following  table  summarizes  the  more  salient  climatic  features 
of  Orel  and  the  regions  of  America  where  clover  No.  16  has  already 
been  grown  and  where,  on  the  basis  of  the  showing  made  in  the  grow- 
ing season  of  1905,  the  best  results  may  be  expected  from  its  future 
cultivation: 
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11. — Temperature  and  rainfall  of  Ordf  Ruesiay  and  certain  localities  in  America. 


Temperature. 


Precipitation. 


Lrocation. 


I     Mean 
annual 
temper- 
ature. 


Orel 

S-t.  Paul,  ICinn.  o . . . 
M:i1bank.S.Dak.{>. 

F&Tgo.  N.  Dak 

Tekamah,  Nebr. «.. 
Ouclph.  Ontario.. . 


40.4 

43.3 

4^ 

38.7 

49.2 

42.05 


Mean 

Normal 

Normal 

temper- 

Absolute 

Absolute 

Normal 

1  mean  for 

mean  for 

ature  of 

mini- 

maxi- 

annual 

'  January. 

July. 

growing. 

mum. 

mum. 

minfall. 

»>-. 

season. 

OJ5. 

op 

°F. 

Jnchti. 

13.4 

66.8 

61.59 

-29.2 

97.5 

20.2 

10.6 

71.6 

65.02 

-41 

104 

26.99 

13.1 

70.5 

65.1 

-34 

107 

20.73 

5.4 

68 

62.6 

-48 

102 

20.83 

22.7 

76.3 

68.7 

-24 

106 

31.98 

16.9 

68 

GO 

28.48 

Normal 
rainfall 
of  grow- 
ing sea- 
son 


Ifiche*. 
10.62 
17.39 
13.73 
13.66 
22.90 
12.80 


«  St.  Anthony  Park,  where  these  experiments  were  conducted,  lies  about  midway  between  St.  Paul 
And  Minneapolis,  Minn. 

b  No  meteorological  data  are  available  for  Aigstone,  S.  Dak.;  hence  the  observations  for  Milbank, 
A  point  11  mik>8  distant,  are  here  given. 

c  No  meteorolo^cal  data  being  available  in  the  case  of  Oakland,  Nebr.,  the  records  of  Tekamah, 
a  point  16  miles  distant,  are  used. 


7T7BITY  AND   GEBMINATION  OF  SEED  USED  IN  EXPERIMENTS. 

In  purchasing  the  different  lots  of  seed  used  in  the  work,  the  greatest 
care  was  exercised  to  secure  samples  as  free  as  possible  from  trouble- 
some and  injurious  weeds,  particular  care  being  used  with  reference 
to  dodder.  All  of  the  seed  was  of  high  average  quality  both  as  to 
purity  and  germination.  The  average  purity  of  all  samples  as 
distributed  for  seeding  was  98.13  per  cent.  As  may  be  seen  by  an 
inspection  of  the  following  table,  the  seed  showing  the  highest  per- 
centage of  purity  was  that  from  Oregon,  containing  99.68  per  cent  of 
pure  seed,  while  the  seed  grown  in  New  York  contained  the  highest 
percentage  of  impurities,  7.46  per  cent,  or  92.54  per  cent  of  pure  seed. 
Every  sample  was  screened  from  two  to  six  times,  one  even  twelve 
times,  in  order  to  remove  as  many  of  the  impurities  as  possible. 

The  average  germination  of  all  samples  was  87.07  per  cent,  the 
lowest  percentage  being  58.2  per  cent  for  the  seed  from  Courland, 
Kussia;  the  highest,  99.12  per  cent  for  the  seed  from  eastern  Ohio. 
Red  clover  seed  germinating  from  90  per  cent  to  95  per  cent  is  gen- 
erally considered  as  representing  a  satisfactory  commercial  product. 
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Table  III. — Purity  and  germination  of  red  doner  seed  distributed  in  the  spring  of  190^ 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 


Commercial  seed  (Western  Bulked) 

Western  Ohio 

Northern  Indiana , 

Southern  Indiana .' 

Illinois 

Missouri 

Iowa 

Commercial  seed  (not  inoculated) . . 

Commercial  seed  (inoculated) 

Michigan , 

Nebraska 

Eastern  Ohio 

Kentucky 

Tennessee 

Kief,  Russia 

Orel,  Russia 

Mogileff.  Russia 

Courland,  Russia ^ 

Wisconsin 

Oregon 

Pennsylvania 

New  York 


Per 


cent. 

99.58 

98.42 

97.7 

98 

99 

96.8 

98.4 

99.28 

99. » 

99.58 

96.66 

9a  56 

97.98 

98.4 

95.5 

97.62 

9&6 

99.68 

97.58 

92.54 


Per  cat 
912 

75.42 

88.2 

94 

91  iC 

«.S 

8in 

9SlS 

96.1 

M.6I 

S.S 

99.  LZ 

7X5 

92.5 

S7-ir 

S4.7 
91. » 
91 
92.57 


DETAILED  DESCRIPTION  OF  EXPEBDCENTS. 

As  previously  stated,  all  of  the  seed  used  in  these  experiments  was 
produced  in  the  crop  year  1903  and  all  of  the  experimental  areas 
under  discussion  were  sown  in  the  spring  of  1904.  The  observations 
made  in  each  State  will  be  discussed  separately. 

THE  EXPERIMENT  IN  NEBRASKA. 

LOCATION. 

The  work  in  Nebraska  was  carried  on  in  cooperation  with  Mr.  John 
P.  Young,  on  his  farm  near  Oakland,  Burt  County.  This  place  is 
situated  at  about  latitude  41°  50'  N.  and  longitude  96°  26'  W.,  in 
the  Elkhom  Valley,  near  the  present  western  limit  of  successful  clo- 
ver culture. 

SOIL. 

With  the  exception  of  a  streak  of  limited  extent,  where  the  sub- 
soil crops  out,  the  soil  of  the  clover  field  is  a  silted  sandy  loam  of 
dark  gray  color  and  of  such  structure  that  with  insufficient  moisture 
it  becomes  aggregated  into  a  hard,  almost  impenetrable  mass.  After 
rains  it  becomes  very  plastic  and  tenacious,  very  much  resembling 
clay  in  this  respect.  On  account  of  this  character  a  large  part  of 
the  soil  of  the  Elkhom  Valley  has  become  known  imder  the  name 
"clay land.''  This  soil  is  further  distinguished  by  a  comparatively 
large  percentage  of  w'ell-distributed  calcareous  matter.  This  is  a 
factor  of  great  importance  to  successful  clover  culture,  and  no  doubt 
helps  to  account  for  some  of  the  heavy  yields  obtained  in  this  soil. 
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DBAINAOE. 


On  account  of  a  moderate  slope  in  two  directions  the  drainage  of 
the  experimental  plats  is  excellent,  none  of  them  being  so  situated 
as  to  be  in  danger  of  suffering  injury  on  account  of  standing  water. 
The  field  contains  21  acres  and  was  divided  into  as  ma^y  equal  pxarts, 
one  being  devoted  to  each  of  the  regional  varieties  under  test.  In 
1902  the  field  bore  a  crop  of  oats  and  in  1903  of  com. 


PBEPABATION   OF   LAND   AND   SEEDING. 


In  preparing  the  seed  bed  for  the  clover,  the  land  was  double  disked 
with  a  pulverizing  machine  and  well  leveled  with  a  common  harrow. 

Oats  were  used  as  a  nurse  crop,  one  half  of  all  plats  being  sown  to 
the  Early  Champion  variety,  the  other  half  to  the  Kherson  oats,  a 
variety  of  Russian  origin  that  has  proved  exceedingly  valuable  in 
Nebraska.  The  oat  crop  was  harvested  just  after  the  middle  of  July, 
the  Kherson  variety  yielding  35  and  the  Early  Champion  25  bushels 
to  the  acre. 

The  clover  was  sown  at  the  same  time  as  the  oats.  Seeding  began 
on  April  15,  but  on  account  of  unavoidable  delays  due  to  inclement 
w^eather  was  not  completed  until  April  21.  The  seed  was  sown  at 
the  rate  of  10  pounds  to  the  acre,  and  by  April  25  seedling  plants 
had  appeared  on  all  the  plats.  After  July  23,  when  the  removal  of 
the  oat  crop  was  completed,  the  clover  had  the  whole  use  of  the 
land.  By  the  time  for  the  cutting  of  the  oats  the  clover  had  made 
a  sufficient  growth  to  be  slightly  clipped  by  the  harvesting  machine. 
Except  for  a  light  pasture  with  calves  iii  November  no  further  treat- 
ment was  given  the  crop  during  the  growing  season  of  1904 

GENERAL   WEATHER  CONDmONS   DURING    1904. 

The  general  condition  of  the  weather  throughout  the  season  was 
favorable  to  securing  a  good  ^' catch '^  of  clover.  There  was  plenty 
of  rainfall  during  the  season  as  a  whole  and  no  extended  or  injuri- 
ous periods  of  drought  occurred,  although  during  September  the  dry- 
ness was  sufficient  to  cause  the  soil  to  become  very  hard,  as  is  char- 
acteristic of  it  when  even  moderately  dry  conditions  prevail  long 
enough. 

COMPARISON  OF  STRAINS  OF  CLOVER  ON  ENTERING  THE  WINTER  OF  1904. 

According  to  notes  taken  by  Mr.  Young  about  the  middle  of  Novem- 
ber, 1904,  there  was  a  great  degree  of  diversity  in  the  general  thrifti- 
ness  of  the  various  strains  of  clover  when  they  entered  the  winter. 
In  view  of  the  data  secured  in  1905  the  fact  that  the  Iowa  plat  rep- 
resented the  normal  or  mean  condition  of  all  plats,  the  Nebraska 
strain  standing  next  below  it,  is  significant.  In  the  data  for  the  crop 
year  1905,  given  in  Table  VI,  it  will  be  noted  that  Nebraska  seed 
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gave  the  lowest  yield  and  Iowa  seed  next  to  the  lowest.  Takiog 
Iowa  as  representing  the  average  condition,  the  departure  of  each  of 
the  strains  from  the  average  is  shown  by  the  following  table: 

Table  IV. — Comparison  of  stand  obtained  from  seed  from  various  localities  on  jilat»  si 

Oakland f  Nebr.f  autumn  of  1904. 


Above  normal. 


No. 


20 

5 

2 

12 

19 

10 

21 

3 

4 

14 

6 

13 


Source  of  seed. 


Oregon 

Ulinois 

Western  Ohio 

Eastern  Ohio 

WlBConun 

Michigan 

Pennsylvania 

Northern  Indiana. 
Southern  Indiana. 

Tennessee 

Uissouri 

Kentucky 


Rank. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Normal. 


No. 


Source  of  seed. 


Iowa. 


Below  normal. 


No. 


11 
8 

9 

15 
16 
17 
18 


Source  of  seed. 


Back. 


Nebraska 

Commercial  seed  (not 
inoculated). 

(Commercial  seed  (inoc- 
ulated). 

Kief,  Russia 

Or^,  Russia 

Mogilefl,  Russia 

Couriand,  Russia 


1 
2 


4 

e 

7 


This  table  shows  that  when  winter  set  in  in  1904  the  plats  sown 
to  Kentucky,  Missouri,  and  Tennessee  seed  were  the  most  promising, 
in  the  order  given.  Two  of  those  ranking  below  normal  proved  to 
be  the  best  when  the  hay  was  harvested  in  1905.  These  were  the 
Orel  clover  No.  16  and  the  inoculated  trade  sample. 

According  to  notes  taken  by  Mr.  Young,  the  plants  produced  by 
seed  No.  16  were  at  this  time  "the  weakest,  most  delicate,  and 
farthest  below  normar^  of  any  of  the  varieties  included  in  the  exper- 
iment. In  view  of  the  fact  that  in  1905  this  clover  outyielded  the 
best  of  all  the  others  by  more  than  1,000  pounds,  this  note  is  of  unusual 
interest.  Mr.  Young  further  states  that  "it  resembles  somewhat  the 
common  white  clover,  only  the  plants  are  larger;  but  the  leaves  have 
that  same  appearance  and  are  smaller  than  those  on  any  of  the  other 
plats.'' 

The  winter  of  1904-5  was  quite  severe,  with  temperatures  reach- 
ing as  low  as  30°  F.  below  zero.  There  were  some  days  whose  maxi- 
mum only  reached  —  20®  F.  However,  as  there  was  an  abundance  of 
snow  the  clover  plants  on  all  plats  were  adequately  protected,  and 
there  was  apparently  no  loss  due  to  winterkilling.  Without  excep- 
tion the  plats  were  in  excellent  condition  in  the  spring  of  1905. 

COMPARISON   OF   EARLY   OBOWTH  OF.  CERTAIN   STRAINS  OF  GLOYEB. 

By  May  10  the  diflferent  strains  of  clover  had  made  average  growths 
varying  from  1  to  5  inches.  The  plat  sown  with  Missouri  seed  showed 
the  greatest  average  growth,  while  the  Russian  seed  No.  18,  from 
the  Baltic  Province  of  Courland,  grew  the  least.  The  former  had  an 
average  height  of  from  4  to  5  inches;  the  latter,  from  1  to  2  inches. 
Despite  this  great  discrepancy  in  early  growth,  the  Russian  strain 
was  in  bloom  almost  as  soon  as  the  Missouri  strain  and  was  ready 
for  harvest  in  advance  of  it.     The  hay  crop  of  the  former  w^as  cut 
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on  June  20;  that  of  the  latter,  June  21.  Unlike  the  Baltic  strain, 
the  Orel  clover  was  the  latest  of  all  in  coming  into  bloom,  as  well  as 
the  latest  in  coming  to  proper  maturity  for  harvesting.  It  was  har- 
vested on  July  11.  It  will  be  seen  from  this  that  a  period  of  exactly 
three  weeks  elapsed  between  the  date  of  cutting  of  the  earliest  and 
the  latest  strains.  This  fact  is  of  direct  importance  under  some  con- 
ditions, as  will  be  pointed  out  later. 

WEATHER   DURING   GROWING   SEASON   OF    1905. 

The  weather  during  those  months  of  the  growing  season  preceding 
the  cutting  of  the  hay  crop  was  in  all  respects  favorable.  The  growth 
of  the  clover  began  in  March,  which  month  had  a  mean  temperature 
of  44.8°  F.,  more  than  8.4  degrees  below  the  normal.  The  mean 
temperature  for  April  was  48.4°  F.,  which  is  3.2  degrees  below  the 
normal  for  that  month.  The  precipitation  aggregated  more  than  5 
inches,  2  inches  above  normal.  The  temperature  for  May,  58.9°  F., 
was  2.4  degrees  cooler  than  the  established  normal  for  that  month, 
while  the  precipitation,  4.76  inches,  was  practically  normal.  The 
June  temperature  of  70°  F.  was  very  near  the  normal,  but  the  rain- 
fall for  that  month,  2.75  inches,  was  more  than  3  inches  less  than 
normal.  None  of  the  plats  seemed  to  have  suffered  any  injury  de- 
spite the  seeming  dryness  of  the  month.  In  July  again  the  tempera- 
ture was  normal,  while  the  rainfall  was  about  2  inches  below  normal. 

EARLINESS  OF   YARIETIES   AND  ORDER   IN   WHICH  THEY   MATURED. 

On  account  of  their  reaching  maturity  at  practically  the  same 
time,  the  strains  were  harvested  in  the  following  groups.  The  varie- 
ties in  each  group  are  arranged  as  nearly  as  possible  in  the  order  of 
their  earliness.  The  groups  themselves  are  given  in  the  same  order, 
the  earliest  being  first : 

Group  I. — Courland,  Russia;  Nebraska;  Pennsylvania. 

Group  II. — ^Missouri;  Iowa;  Kentucky;  Wisconsin. 

Group  III. — Eastern  Ohio;  Oregon. 

Group  IV. — Tennessee;  Kief,  Russia. 

Group  V. — Illinois;  northern  Indiana;  Michigan;  southern  In- 
diana; northwestern  Ohio. 

Group  VI. — The  commercial  samples,  Nos.  1,  8,  and  9;  Mogi- 
leff,  Russia;  Orel,  Russia. 
Despite  the  fact  that  the  earliest  and  latest  maturing  kinds  are  of 
Russian  origin,  it  will  be  noted  that  the  American  strains  present 
almost  as  great  diversity  in  this  regard.  However,  leaving  out  of 
consideration  the  commercial  samples  whose  region  of  origin  is  un- 
known, the  latest  of  the  American  strains  of  known  origin  is  that 
from  northern  Ohio,  which  was  grown  west  of  Toledo  near  the  north- 
em  boundary  of  the  State.     This  strain  came  into  bloom  only  nine 
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days  later  than  the  earUest  of  the  American  kinds^that  from  Nebraska, 
It  will  be  seen  from  this  that  the  range  of  maturing  time  of  the  Amer- 
ican strains  that  are  traceable  to  their  region  of  origin  as  compared 
with  the  Russian  varieties  is  very  short  indeed. 

The  table  given  below  shows  the  date  of  full  bloom  of  the  ear- 
liest and  latest  American  and  Russian  varieties : 

Table  V. — DaU  offxdl  Uoom  of  earliest  and  latest  American  and  Russian  fdrain^  ofdo^wT. 


Earliest  RiiiEif>ian. 

Earliest  AmericaD. 

Latest  American.        1         latest  Russiao. 

Source. 

Pate. 

Source. 

Date. 

Source.            Date.    |        f^uroe.            Date. 

Courl&ncl 

June  20 

Nebraska 

June  20 

Western  Ohio.   June  29     Orel JoIt  U 

1                 1 

Concerning  the  commercial  samples  used,  it  should  be  said  that 
they  were  of  most  unusual  purity,  as  well  as  of  high  average  germina- 
tion. The  seed  itself  was  very  large  and  of  a  deep  purple  color,  while 
the  plants  produced  were  coarse  and  hairy.  This  form  seems  to  stand 
intermediate  between  the  medium  red,  with  which  this  experiment 
deals,  and  the  well-known  ^'mammoth"  form  of  Trifolium  pratenst, 
which  it  resembles  in  some  respects.  Nothing  is  known  as  to  the 
origin  of  this  seed  further  than  that  it  is  supposed  to  have  been  pro- 
duced in  the  Middle  West.  It  came  into  full  bloom  on  July  6,  seven 
days  later  than  the  latest  of  American  strains  of  known  origin,  and 
five  days  earlier  than  No.  16,  the  hairless  form  from  Orel. 

On  account  of  the  coarse,  woody  stems  of  the  Western  Bulked 
clover,  there  is  a  large  percentage  of  waste  in  feeding  its  hay,  the 
cattle  refusing  to  clean  it  up  as  they  do  some  of  the  other  strains, 
notably  No.  16.  On  account  of  the  excessive  hairiness  of  both  stems 
and  leaves  the  hay  is  very  dusty,  and  hence  not  a  pleasant  and  desir- 
able feed. 

The  hay  product  of  each  of  the  different  plats  is  shown  by  the 
following  table: 

Table  VI. — Comparison  of  yields  of  hay  of  regional  varieties  of  red  dover  at  Oakland^  Nrhr., 

in  1906.a 


No. 


Source  of  seed. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 

n 


Commercial  8eed(We8tern  Bulked) 

Western  Ohio 

Nortliern  Indiana 

Southern  Indiana 

Illinois 

Missou  ri 

Iowa 

Commercial  seed  (not  inoculated). 

Commercial  seed  (inoculated) 

Michigan 

Neb  ras  lea 


Yield  of 
hay. 

No. 

Pounds. 

5,700 

12 

4,980 

1     13 

4,780 

'     14 

5,020 

i     15 

4,990 

1     16 

5,010 

17 

3,950 

1     18 

5,750 

19 

6,040 

20 

5,570 

21 

3,590 

Source  of  seed. 


Eastern  Ohio 

Kentucky 

Tennessee 

Kief,  Russia 

Orel,  Russia 

Mop;ilefr,  Russia.. 
Courland,  Russia. 

Wisconsin 

Oregon 

Pennsylvania 


Yield  of 
hay. 

Paavd'. 

.S.,>*) 
4.€?5 
5,^*» 
7, 1» 

5,750 

4.:a' 

4.930 
4,S3U 

4,4G0 


o  On  account  of  a  misunderstanding,  the  plats  were  not  sown  In  s'^rlal  order  as  given,  but  aa  follows: 
11,  7,  1,  9,  8,  20,  10,  5,  3,  4,  2,  12,  19,  6,  13,  14,  15,  16,  17,  18,  21. 
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The  first  crop  only  was  harvested  for  hay,  the  second  being  left 
to  go  to  seed.  The  seed  production  of  the  various  strains  will  be 
made  the  subject  of  further  study. 

The  product  of  the  plats  sown  with  Western  Bulked,  Illinois,  Iowa, 
Michigan,  Nebraska,  and  Orjegon  seed  was  slightly  reduced  by  a  streak 
of  subsoil  which  cropped  out  in  these  plats  and  on  which  the  stand 
was  not  so  perfect  as  on  the  other  parts  of  the  field.  The  resulting 
difference  would  amount  to  but  a  small  percentage  and  would  not 
modify  materially  the  results  as  tabulated. 

The  Missouri  plat  was  slightly  injured  in  the  spring  by  the  w^ork 
of  ground  moles,  but  seemed  to  have  fully  recovered  from  the  injury 
before  the  cutting  of  the  hay  crop. 

The  only  plat  upon  which  any  dodder  appeared  was  that  sown 
with  the  seed  from  Tennessee.  It  was  promptly  subdued  and  prac- 
tically no  harm  resulted  from  it. 

Although  it  would  be.  unsafe  to  generalize  from  the  results  of  one 
year's  observation,  it  is  interesting  to  note  the  fact  that  the  seed 
produced  in  Nebraska  and  Iowa  gave  the  lowest  yields.  This  may 
be  partially  explained  by  the  inferiority  of  the  stand  caused  by  the 
clay  streak  referred  to  above.  However,  it  appears  to  the  writer 
that  this  explanation  is  inadequate  in  view  of  the  fact  that  the  com- 
mercial samples  which  were  grown  on  adjoining  plats  show  no  cor- 
responding reductions  in  yield.  As  noted  above,  the  Michigan, 
Illinois,  and  Oregon  plats  were  crossed  by  the  same  streak  of  clayey 
subsoil. 

YIELD  OP  THE   OREL   CLOVER   COMPARED   WITH   OTHER   STRAINS. 

The  total  yield  of  all  plats  was  108,220  pounds,  or  about  54.1  tons. 
The  highest  yield  was  that  of  the  hairless  Orel  clover,  7,100  pounds 
per  acre;  the  lowest  was  from  the  Nebraska  seed,  3,590  pounds,  while 
the  average  for  all  plats  was  5,153  pounds.  It  is  interesting  to  note 
that  three  of  the  four  Russian  strains  yielded  considerably  above  the 
average  for  all  plats. 

The  Orel  clover  No.  16  yielded  3,510  pounds  of  hay  to  the  acre 
more  than  the  Nebraska  clover,  giving  a  product  almost  double 
that  of  the  latter.  It  produced  more  than  1 ,000  pounds  more  than 
its  nearest  competitor,  one  of  the  commercial  samples,  and  almost 
a  ton  above  the  average  for  all  plats. 

THE  EXPERIMENT  IN  SOUTH  DAKOTA. 

LOCATION. 

The  work  for  South  Dakota  is  being  carried  on  in  cooperation  with 
Flam  Brothers  on  their  farm  near  Bigstone,  Grant  County.  Bigstone, 
which  is  situated  54°  10'  north  latitude,  96°  26'  west  longitude,  is 
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in  the  northwestern  part  of  the  State.  This  station  represents  fairly 
well  the  conditions  typical  of  eastern  South  Dakota  and  western 
Minnesota. 

As  in  the  case  of  Nebraska,  the  experimental  plats  were  each  an 
acre  in  extent,  and  the  series  of  22  varieties  used  was  identical  with 
the  one  grown  in  Nebraska,  except  that  seed  from  New  York  was 
added. 

SOIL   AND   DRAINAGE. 

The  field  is  a  piece  of  bottom  land  bordering  on  a  small  creek. 
The  soil,  which  is  derived  from  the  washing  down  of  the  surrounding 
prairie  upland,  is  a  black,  sandy  loam.  The  sand  varies  from  me- 
dium to  fine.  The  soil  is  productive,  yielding  excellent  crops  of  wheat, 
oats,  barley,  com,  and  millet.  It  is  quite  rich  in  calcareous  matter. 
No  definite  rotation  of  crops  including  a  legume  has  been  practiced. 
and  this  is  the  first  time  the  land  has  ever  borne  a  crop  of  clover. 
On  account  of  the  excellent  natural  drainage  due  to  the  permea- 
bilitv  of  the  soil  and  the  elevation  above  the  level  of  the  creek  it 
has  not  been  necessary  to  resort  to  artificial  drainage  on  the  tract. 

PREPARATION   OF   LAND,    SEEDING,   AND  SUBSEQUENT  TREATMENT. 

No  chemical  fertilizers  have  ever  been  used  on  the  field.  In  the 
spring  of  1903  the  tract  was  given  a  heavy  dressing  of  barnyard 
manure,  which  was  thoroughly  worked  in  by  the  preparation  given 
the  land  and  by  the  cultivating  of  a  com  crop  planted  that  year. 
In  the  preceding  year,  1902,  the  tract  had  grown  barley  and  millet. 

In  preparation  for  the  clover  and  the  accompanying  nurse  crop 
of  barley  the  land  was  deeply  plowed  in  the  fall  of  1903,  and  in  the 
spring  of  1904  was  harrowed  until  the  seed  bed  was  in  suitable  condi- 
tion. The  seeding  of  the  barley,  which  was  drilled  in,  took  place 
during  the  last  days  of  April.  It  was  harvested  in  July,  the  field 
yielding  an  average  of  50  bushels  machine  measure  to  the  acre. 

The  clover  was  sown  broadcast  on  May  5,  and  then  lightly  harrowed 
in.  Before  the  tenth  of  the  month,  the  first  sprouts  had  appeared  on 
each  of  the  22  plats. 

After  the  removal  of  the  nurse  crop,  no  subsequent  treatment  was 
given  the  field  during  the  growing  season  of  1904.  Despite  the  fact 
that  an  unusual  growth  was  made  by  the  clover  before  wintering 
in,  it  was  neither  clipped  nor  pastured,  on  account  of  the  uncer- 
tainty as  to  the  effect  this  would  have  on  the  plats  coming  through 
the  winter.  The  growth  left  on  the  field  formed  an  excellent  binder 
for  holding  the  snow.  This  gave  the  plants  a  good  protection  from 
the  cold  during  the  winter,  which  in  this  latitude  is  very  rigorous. 

Observations  made  in  October,  about  the  time  of  the  frost  which 
terminated  growth  for  the  season,  showed,  as  in  the  case  of  Nebraska, 
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considerable  variation  in  the  habit  and  development  of  the  various 
plats,  but  on  none  of  the  plats  was  there'  any  evidence  of  any  failure 
to  secure  an  excellent  stand. 

WEATHER   CONDITIONS  DURING    1904   AND   1905. 

The  state  of  the  weather  throughout  the  season  was  exceedingly 
favorable,  there  being  plenty  of  moisture  at  all  times.  This  is 
a  factor  of  no  small  importance,  especially  at  the  critical  period 
following  the  removal  of  the  nurse  crop.  The  loss  sustained  by  the 
various  strains  on  account  of  winterkilling  during  the  winter  of 
1904-5  was  comparatively  small  and  probably  did  not  reach  more 
than  5  per  cent  in  any  case.  The  Missouri  and  Tennessee  clovers 
were  the  worst  suflFerers  in  this  respect  among  the  American  forms. 
The  loss  by  winterkilling  had  no  perceptible  eflFect  on  the  yield  so 
far  as  could  be  observed ;  at  least,  the  heaviest  losers  on  this  account 
were  by  no  means  those  giving  the  lightest  yields. 

The  weather  for  the  months  of  April,  May,  June,  and  July,  during 
which  the  growth  of  the  hay  crop  took  place,  was  decidedly  abnormal 
for  this  section.  The  mean  temperature  for  each  of  these  months 
was  below  normal  from  2.5  to  4.6  degrees.  The  precipitation,  as  is 
generally  the  case  in  comparatively  cool  seasons,  was  far  above 
normal  for  each  of  these'  months,  except  April,  when  it  fell  below 
normal. 

The  weather  records  at  Milbank,  1 1  miles  distant,  give  the  following 
data  for  these  months  in  1905: 

Table  Vll . — Temperature  and  rainfall  at  Milbank,  S .  Dak.j  during  the  growing  season  of  1906. 


Month. 


April 
May. 
June. 
July. 


Temperature. 


Precipitation. 


Mean  lor 
month. 


Departure 
from  nor- 
mal 


42.2 
52.4 
63  1 
67.4 


°  F. 
-2.7 
-4.6 
-2.5 
-3.1 


Total  for 
month. 


Inches. 
1.25 
7.35 
8.60 
5.27 


Departure 
from  nor- 
mal. 


Inches. 
-0.96 
+4.50 

+  4.82 
+2.65 


As  in  the  case  of  Nebraska,  there  was  great  variation  in  the  dates 
of  first  and  full  bloom;  but  inasmuch  as  careful  notes  of  the  actual 
dates  were  not  kept,  through  inadvertence,  it  is  impossible  to  report 
in  detail  on  these  points. 

The  first  sample  to  come  to  the  proper  maturity  for  harvesting 
was  that  from  Oregon,  followed  soon  by  the  New  York  and  Pennsyl- 
vania' plats.  A  period  of  very  rainy  weather  which  followed  the 
cutting  and  curing  of  these  plats  made  it  impossible  for  a  time  to 
proceed  with  the  harvest,  and  on  the  night  of  July  3  came  a  veritable 
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cloudburst,  more  than  5  inches  of  rain  falling.  The  neighboring 
creek  overflowed  its  banks,*  inundating  the  whole  bottom  and  sub- 
merging the  jlover  plats  with  from  6  inches  to  several  feet  of  water. 

This  misfortune  threatened  to  make  impossible  the  securing  of 
further  data  concerning  the  varieties.  However,  the  exceUent  drain- 
age of  the  field  saved  it  from  serious  injury,  and  at  the  end  of  a  week 
it  was  possible  to  proceed  with  the  harvest. 

The  following  table  shows  the  yield  of  cured  hay  produced  by 
each  of  the  strains  used  in  the  experiment  at  this  place: 

Table  VUI. — Camparaiive  yidd  of  hay  of  various  strains  ofdover  at  Bigstoiu,  8.  Dak^  in 

1905, 


No. 


Souroe  of  seed. 


2 
3 

4 
5 
G 
7 
8 
0 
10 
11 


Commercial  s  o  ed  (W  e  s  t  e  r  n 

Bulked) 

WcBtem  Ohio 

Northern  Indiana 

Southern  Indiana 

lUlnois 

Missouri 

Iowa 

Commercial  8e(»d  (not  inoculated) . 

Commercial  seed  (inoculated) 

Michigan 

Nebraska 


Pounds, 

4,400 
3,500 
2,510 
2,710 

4,450 
4,130 
3,996 
4,312 
4,400 
4,500 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


Soaioe  of  seed. 


Yietd 
of  har. 


Eastern  Ohio 

Kentocky 

Tennessee 

Kief,  Russia 

Orel,  Russia 

Mogilefl,  Russia.. 
Couriand,  Russia. 

Wisconsin 

Oregon 

Pennsylvania 


22  !  New  Vork. 


4.64D 

3y4» 

3,9?0 
4,Q» 
5.6:0 
4.O30 
3.280 
2.9n> 
4.560 
1.800 
2. 400 


€X>MPARISON   OF   YIELDS. 


The  low  yields  of  the  samples  of  clover  from  western  Ohio  and 
northern  Indiana  are  due  to  the  injury  they  received  from  the 
^flooding  previously  mentioned.  A  ''run/'  or  former  creek  bed, 
which  extended  diagonally  across  these  two  plats  was  transformed 
into  a  torrent  and  did  considerable  damage  to  both  of  them.  With 
these  exceptions  the  injury  by  water  was  equal  on  all  plats.  The 
comparatively  low  yield  of  the  New  York  and  Pennsylvania  strains 
may  be  explained,  in  part  at  least,  by  the  fact  that  the  west  side 
of  the  field,  along  which  these  were  sown,  had  not  been  under  culti- 
vation as  long  as  the  remainder  of  the  field  and  hence  was  not  so 
well  subdued. 

The  total  yield  of  cured  hay  from  the  22  acre  plats  was  87,982 
pounds,  an  average  of  3,998  pounds,  or  nearly  2  tons,  to  the  acre. 
Leaving  out  of  consideration  the  plats  that  suffered  from  apparent 
external  injuries,  the  plat  sown  with  Wisconsin  seed  gave  the  lowest 
yield  of  the  domestic  varieties,  while  that  sown  wnth  seed  from 
eastern  Ohio  gave  the  highest  yield.  The  yield  of  the  former  was 
2,970  pounds,  something  more  than  1,000  pounds  below  the  average 
for  all  plats,  while  that  of  the  latter,  4,640  pounds,  was  aboi^t  650 
pounds  greater  than  the  average. 

As  was  the  case  in  the  experiments  at  Oakland,  Nebr.,  the  hairless 
Orel  clover  No.   16  gave  not  only  the  heaviest  yield  among  the 
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Russian  strains,  but  it  outyielded  every  other  variety  used  in  the 
experiment.  It  produced  5,610  pounds  of  cured  hay  to  the  acre, 
Mrhich  is  more  than  three-fourths  of  a  ton  (1,612  pounds)  better 
than  the  average  for  all  plats,  almost  1,000  pounds  more  than  the 
best  American  strain  (that  from  eastern  Ohio),  and  more  than  a 
ton  and  a  quarter  (2,640  pounds)  more  than  the  lowest  yield  of  the 
domestic  strains  growing  under  like  conditions  (that  from  Wisconsin) . 
In  addition  to  its  great  yielding  power,  the  other  excellent  qualities 
of  this  strain  as  observed  in  Nebraska  were  reproduced  in  South 
Dakota.  The  marked  absence  of  hairiness  on  both  stems  and  leaves, 
the  erectness  of  habit,  the  profuseness  of  leafage,  the  comparative 
lack  of  waste  on  account  of  hard,  woody  stems,  and  a  number  of 
other  desirable  qualities  were  all  strikingly  apparent. 

THE    EXPERIMENT   IN    MINNESOTA. 

LOCATION,    SOIL,    AND   DRAINAGE. 

The  experiments  in  Minnesota  were  carried  on  on  the  University 
farm  at  St.  Anthony  Park,  with  the  cooperation  of  the  division  of 
agriculture  of  the  Experiment  Station  and  School  of  Agriculture. 
The  work  here  was  .instituted  under  the  direction  of  Prof.  W.  M.  Hays, 
and  is  now  being  carried  forward  with  the  assistance  of  Mr.  A.  D. 
Wilson,  of  the  station  staff.  St.  Anthony  Park  is  located  midway 
between  Minneapolis  and  St.  Paul  at  about  latitude  44°  58'  N.  and 
longitude  93°  90'  W. 

In  this  experiment  two  series  of  plats  were  used  on  rather  widely 
separated  fields.  The  plats  of  one  series  were  one-twentieth  of  an 
acre  in  extent,  and  the  product  of  these  was  used  in  determining  by 
weight  the  amount  of  green  matter  produced  by  each  strain.  The 
plats  of  the  oiher  series  had  an  area  of  one-fourth  of  an  acre  each, 
and  were  devoted  to  securing  data  as  to  the  production  of  cured  hay. 
According  to  Hays  and  Boss"*  both  the  soil  and  immediate  subsoil 
of  the  University  farm  are  of  medium  texture,  containing  clay  and 
sand  mixed  in  such  proportions  as  to  facilitate  a  rather  free  absorp- 
tion of  the  rainfall  which  penetrates  to  a  considerable  depth  and  is 
w'ell  conserved  in  seasons  of  moderate  drought.  At  a  depth  of  5 
or  6  feet,  however,  the  mixture  of  clay  and  sand  gives  way  to  gravel 
and  sand.  This  furnishes  excellent  underdrainage  in  years  of 
abundant  or  superabundant  rainfall,  but  is  a  serious  drawback  in 
years  of  drought,  as  it  tends  toward  the  dissipation  of  a  part  of  the 
water  supply  of  the  crops  through  this  deeper  porous  subsoil.  The 
surface  drainage,  as  well  as  the  underdrainage,  of  both  areas  used  in 
this  experiment  was  excellent. 

a  Bulletin  No.  62,  Agricultural  Experiment  Station,  University  of  Minnesota,  March,  1899. 
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PREPARATION   OP  LAND,   SEEDING,   AND  SUBSEQUENT  TBEATMB2«T. 

Field  F,  which  was  used  in  making  the  green-matter  determina- 
tions, was  sown  to  Canada  field  peas  in  1902,  and  in  1903  was  used 
in  the  variety  testing  of  cereals.  The  field  was  fall-plowed  in  1^^ 
and  in  the  spring  was  disked  and  harrowed  preparatory  to  seeding 
with  clover.  Spelt  was  used  as  a  nurse  crop.  The  clover  seed  and 
the  spelt  were  mixed  and  sown  with  a  drill. 

Field  W,  from  which  the  data  as  to  field-cured  hay  was  seemed, 
bore  a  crop  of  fodder  com  in  1902,  and  was  manured  and  again  sown 
to  fodder  corn  in  1903.  In  preparation  for  the  clover  it  was  thor- 
oughly disked  and  harrowed.  The  clover  seed  was  drilled  in  to  a 
depth  of  from  1  i  to  2  inches,  having  been  first  mixed  with  the  ilin- 
nesota  No.  169  wheat,  which  was  used  as  a  nurse  crop. 

No  treatment  such  as  pasturing  or  clipping  was  given  the  field 
after  the  removal  of  the  spelt  and  wheat. 

WEATHER  CONDITIONS  DURING   1904  AND   1905. 

The  weather  throughout  the  season  of  1904,  despite  the  fact  that 
the  temperature  in  most  months  was  a  little  below  normal,  was 
quite  favorable  to  securing  a  good  *' catch"  of  clover.  The  last 
killing  frost  in  spring  occurred  on  May  15,  and  the  first  in  autumn 
on  October  6.  .  There  was  a  plentiful  supply  of  moisture  at  all  times, 
the  precipitation  of  every  month  during  the  growing  season  exceed- 
ing the  normal. 

According  to  notes  taken  shortly  before  the  first  killing  frost  of 
autumn,  there  was  a  fair  stand  on  all  plats  at  that  time.  The  weakest 
strains  were  those  from  Tennessee,  Orel,  and  Kief,  while  among  the 
most  vigorous  were  those  from  Ohio,  Indiana,  Wisconsin,  and  Iowa. 

The  winter  of  1904-5  was  rather  severe  on  the  whole,  the  means 
for  both  January  and  February  being  several  degrees  below  normal. 
The  minimum  temperature  recorded  was  26°  F.  below  zero. 

No  marked  loss  due  to  winterkilling  was  noted  on  any  of  the 
varieties  under  experiment,  but  on  account  of  the  coolness  of  April 
practically  no  growth  was  made  until  the  last  week  of  the  month. 

COMPARATIVE  CONDITION  OF  DIFFERENT  STRAINS  OF  CLOVER  IN  THE  SPRING  OF   1905. 

On  May  13  observations  were  made  on  the  comparative  condition 
of  the  stand  on  all  the  plats.  According  to  these,  of  the  seeds  from 
domestic  sources  the  strains  from  eastern  Ohio,  northern  Indiana, 
and  the  commercial  samples  made  the  best  showing  at  this  time. 
The  poorest  of  the  domestic  strains  at  this  time  were  those  from 
Tennessee,  Missouri,  Nebraska,  Michigan,  and  Illinois.  The  best 
of  the  Russian  strains  were  Nos.  15  and  17,  from  the  Kief  and  MogilefT 
governments,  respectively,  while  the  poorest  were  Nos,  16  and  18, 
from  Orel  and  Courland. 
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The  best  strain  of  known  origin  according  to  the  observations  of 
May  13  was  that  from  eastern  Ohio,  while  the  poorest  was  that 
from  Courland. 


YIELDS  OF   GREEN   MATTER. 


The  following  table  shows  the  yield  and  other  data  with  refer- 
ence to  the  series  of  plats  used  in  determining  the  "amount  of  green 
'matter  produced  to  the  acre : 

Table   IX. — Yields  of  dover  on  Field  F  used   in   making  green-matter  determinations , 

St.  Anthony  Park,  Minn.,  VJ05. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 


SouroB. 


Commercial  seed  (Western  Bulked) 

Western  Ohio 

Northern  Indiana 

Southern  Indiana 

Illinois 

Missouri 

Iowa 

Commcrciai  seed  (not  inoculated)  . . 

Commercial  seed  (inoculated) 

Michigan 

Nebraska 

Eastern  Ohio 

Kentucky 

Tennessee 

Kief,  Russia 

Orel ,  R ussia 


Date  of 

first 
bloom. 


Mogileff,  Russia June 

Courland,  Russia June  15 

Wisconsin June  12 

Oregon June  13 

Pennsylvania Juno  12 


June  12 
June  13 
Juno  11 
June  9. 
June  10 
June  12 
June  13 

do.. 

June  12 
June  11 
June  10 
June  11 
June  12 
June  11 
June  10 
June  15 


Date  of  full 
bloom. 


Date 
cut. 


-.! 


June  28 June  28. 

June  27 do... 

June  26 do... 

do do  ... 

do ' do  ... 

do ' do... 

do do.., 

June  28 do... 

do do... 

June  27 do... 

June  28 do... 

June  27 ' do... 

June  25 ' do . . . 

June  27 1 do... 

June  25 1 do... 

(I*ractically  no  I do... 

blossoms.)        I 

June  30 ' do... 

June  27 do... 

June  28 do... 

June  27 do... 

do ' do... 


Average 

height 

when 

cut. 


Inches. 
30 
31 
30 
30 
30 
28 
28 
27 
28 
28 
30 
30 
20 
30 
29 
30 

31 
28 
28 
27 
26 


Green 
matter 
to  acre. 


Pounit. 
21,500 
20.900 
22,000 
20,400 
21,000 
19,400 
21,200 
20.100 
19.900 
18,900 
21,300 
21,700 
21,400 
18,000 
21,000 
■  24, 100 

24,400 
20.000 
21.900 
20.000 
20,600 


COMPARISON   OF  CLOVER  NO.   16   WITH   OTHER   STRAINS. 

An  inspection  of  Table  IX  shows  that  clovers  Nos.  16  and  17, 
from  Orel  and  MofjilefT,  respectively,  were  the  heaviest  producers 
of  green  matter,  the  yield  of  the  latter  being  the  greater.  In  this 
connection  it  should  be  noted  that  No.  17  was  harvested  after  coming 
almost  into  full  bloom,  while  No.  16,  according  to  -notes  taken  on 
the  date  of  cutting,  had  practically  no  blossoms.  From  this  it  seems 
probable  that  the  Orel  clover  was  harvested  fully  two  weeks  before 
it  had  reached  the  same  state  of  maturity  that  had  been  attained 
by  the  other  strains.  Despite  this  fact  it  was  outranked  in  yield 
only  by  the  strain  from  Mogileff,  which  lacked  but  two  days  of  being 
in  full  bloom.  There  can  be  no  doubt  that  the  Orel  strain  would 
have  given  a  yield  of  several  thousand  pounds  more  to  the  acre 
had  it  been  allowed  to  reach  the  stage  of  maturity  at  which  it  is 
customary  to  cut  clover  for  hay. 

The  Orel  clover  exhibited  the  same  fineness  of  texture,  absence 
of  hairiness,  erect  habit  of  growth,  succulence,  etc.,  that  were  ob- 
served on  the  plats  in  Nej:)Pa^:aiamiSpUrth  Dakota.     These  qualities 
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are  not  by  any  means  common  to  all  of  the  Russian  strains  with 
which  experiments  have  been  made.  Another  strain  not  used  in 
the  States  under  discussion,  obtained  from  Ufa,  in  the  cold,  almost 
snowless  steppe  region  of  eastern  Russia,  resembles  No.  16  very 
strikingly.  Nos.  15  and  17  resemble  the  foregoing  in  some  of  their 
qualities,  but  like  No.  18,  which  in  these  respects  is  practically 
identical  with  the  American  strains,  they  are  readily  distinguishable 
in  the  field. 

The  lowest  yield  was  given  by  the  seed  from  Tennessee.  The 
strains  that  produced  less  than  20,000  pounds  of  green  matter  are 
the  Tennessee,  Michigan,  Missouri,  and  commercial  sample  No.  9. 
The  largest  yield  produced  by  seed  from  domestic  sources 
22,000  pounds  in  the  case  of  No.  3  from  northern  Indiana. 


TIELD8  OP  FIEIJM3URED  HAY. 


Table  X  shows  the  yield  to  the  acre  and  other  data  regarding 
Field  W,  which  was  devoted  to  determining  the  comparative  pro- 
duction of  field-cured  hay. 

Table  X. — Yields  of  dover  on  Field  W,  used  in  determining  the  production  qfjuid-^and 

hayf  St.  Aidhony  Park^  Minn.,  1905. 


No. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 
19 
20 
21 


Soaroe. 


Commercial  seed  (Western  Bulked) 

Western  Ohio 

Northern  Indiana 

Southern  Indiana 

Illinois 

Missouri 

Iowa 

Commercial  seed  (not  inoculated)  . . 

Commercial  seed  (inoculated) 

Michigan 

Nebraska 

Eastern  Ohio 

Kentucky 

Tennessee 

Kief,  Russia 

Orel,  Russia 


Date  of 

first 
bloom. 


Mogileff,  Russia.. 
Courland,  Russia. 

WMsconsin 

Oregon 

Pennsylvania 


Total , 


June  13 . 

do... 

June  15 
June  14 
June  11 

do.., 

June  13 
June  11 
June  12 
June  10 
June  15 
June  12 
June  11 

do.. 

June  13 
June  16 

Juno  15 
June  13 
June  12 
June  13 
June  10 


Date  of  full 
bloom. 


I 


Jane  28..'. 
June  27... 
June  28. . . 
June  27... 
June  26... 
June  25... 
June  26 June  29 


Date 
when  cut. 


June  30 . 
June  29. 

do... 

do... 

June  30. 
....do... 


June  28 

June  29 

June  27 

do 

June  26 

June  27 

June  25 

June  28 

(Few  blos^ 
soma.) 

June  30 

June  27 

June  26 

do 

do 


June  30 . 

do... 

June  29 . 
...do... 

do... 

...do... 

...do... 

June  30. 

....do. . . 


.  ...do .. . 

do... 

June  29 . 
June  30 . 
Juno  29. 


Avera^ 

height 

when 

cut. 


Inches. 
30 
31 
30 
30 
30 
28 
28 
27 
28 
28 
30 
30 
30 
30 
29 
30 

31 
28 
28 
27 
26 


FleW- 

cuird 

hay  to 

acir. 


Pamwds, 
4.330 
4.SC 
14# 

4.8n 

4.0» 

4.400 
4.130 
4.-tD 
4.394 
4. 1(» 
4.30i» 
4  NOD 
4.  IX 
3  cA* 

4.01:' 

5.33f 

5.O0O 
3,7» 
3. 

4. 
4, 

91,06 


ORDER  IN   WBICn   THE  VARIOUS  STRAINS  MATURED. 

A  variabiHty  simitar  in  some  respects  to  that  observed  in  Nebraska 
may  be  noted  with  reference  to  the  length  of  time  required  to  mature 
the  different  strains.     On  the  University  farm  they  reached  the 
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proper  stage  for  harveeting  in  the  groups  given  below,  those  maturing 
earliest  being  given  first:    " 

Group  I. — Missouri;  Tennessee. 

Group  II. — Illinois;  Iowa;  Wisconsin;  Oregon;  Pennsylvania; 

eastern  Ohio. 
Group  III. — Kentucky;    western   Ohio;    southern    Indiana; 

Courland;  Nebraska;  Michigan. 
Group  IV. — Northern  Indiana;  commercial  samples  1,  8,  and 

9;  Kief. 
Group  V.-T-Mogileff. 
Group  VI.— Orel. 

CX>MPAR180N   OF  YIELDS   OF  FIBLD-GimED  HAT. 

The  lowest  yield  of  the  domestic  varieties  was  3,640  poimds,  pro- 
duced by  the  Tennessee  seed,  while  the  highest -was  4,800  pounds, 
produced  by  the  seed  from  eastern  Ohio  and  southern  Indiana.  No. 
18,  from  Courland,  gave  the  lowest  yield  of  the  Russian  sorts,  3,780 
poimds,  while  No.  16,  from  Orel,  gave  the  largest  return  of  any  variety 
in  the  test,  5,320  pounds.  No.  16  was  harvested  on  June  30,  when  it 
was  still  very  immature,  having  but  few  blossoms.  Inasmuch  as 
increase  in  substance  is  progressing  most  rapidly  in  the  period  lead- 
ing up  to  and  just  preceding  fuU  maturity,  it  is  very  probable  that 
the  Orel  clover  would  have  given  a  considerably  higher  yield  had  it 
been  allowed  to  mature  properly.  Judging  from  the  performance  of 
this  variety  at  other  stations  it  should  have  been  cut  from  ten  to 
twelve  days  later  than  was  the  case.  This  fact  should  be  borne  in 
mind  when  noting  that  No.  16  yielded  only  520  pounds  more  than  its 
nearest  competitor,  1,176  pounds  more  than  the  average  for  all  plats, 
and  1,600  pounds  more  than  the  poorest  strains. 

THE    EXPERIMENT    IN    NORTH    DAKOTA. 
LOCATION,  SOIL,  AND   DRAINAGE. 

The  experiment  in  North  Dakota  was  conducted  on  the  Experiment 
Station  farm,  near  Fargo,  in  cooperation  with  Prof.  J.  H.  Shepperd, 
who  has  been  assisted  by  Mr.  O.  O.  Churchill. 

On  account  of  the  fact  that  a  larger  area  was  not  available,  the  test 
was  made  on  half-acre  plats.  With  one  or  two  exceptions  the  same 
series  of  varieties  was  used  as  in  Nebraska,  South  Dakota,  and  Min- 
nesota. 

The  field  used  has  a  wonderfully  uniform  soil,  consisting  of  jet 
black  clay  loam  several  feet  in  depth.  It  is  rich  in  organic  matter 
and  in  lime,  both  in  the  form  of  carbonate  and  sulphate.  The  sub- 
soil is  a  silty  clay  of  grayish-brown  color,  which  extends  to  a  depth  of 
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about  6  feet.  The  surface  soil  seems  to  have  a  sli^t  admixture  of  the 
heavy,  black,  waxy,  clay  soil  locaUy  called  '^gum-bo."  The  general 
soil  of  the  field  is  quite  typical  of  the  best  soil  in  the  R«d  River  Valley. 

Continuous  cropping  with  wheat  has  seriously  depleted  most  of 
the  soils  of  this  valley,  and  they  no  longer  produce  the  abundant 
yields  that  characterized  them  from  ten  to  twenty  years  ago.  No 
systematic  rotation  of  crops  containing  a  legume  is  in  general  use, 
and  to  this  may  justly  be  attributed  the  gradual  running  down  of 
yields  of  the  cereals  which  have  hitherto  been  cultivated  almost  exclu- 
sively. The  growing  of  clover  is  an  undeveloped  industry  in  North 
Dakota.  This  is  due  in  great  part  to  the  fact  that  wheat  farming 
has  hitherto  been  so  profitable,  and  to  the  further  fact  that  until 
recently  a  general  impression  has  prevailed  that  clover  growing  could 
not  be  carried  on  with  success.  The  work  of  the  State  Experiment 
Station  during  recent  years  has  amply  demonstrated  that  eastern 
North  Dakota,  at  least,  may  be  considered  as  peculiarly  adapted  to 
clover  culture.  The  writer  has  never  seen  anyw^here  in  the  clover- 
growing  regions  of  the  United  States  a  finer  field  of  clover  than  that 
on  which  this  experiment  with  regional  varieties  was  conducted. 
(PI.  Ill,  fig.  1.) 

The  drainage  of  the  experimental  tract  is,  in  common  with  most  of 
the  soils  of  the  Red  River  Valley,  rather  poor.  This  applies  to  both 
surface  drainage  and  underdrainage,  and  is  due  to  the  practically 
"dead  level''  of  the  country,  which  gives  the  rivers  draining  the  area 
a  very  slight  fall,  and  also  to  the  impermeability  of  the  soil  to  water. 
In  this  connection  a  fact  of  some  interest  and  possible  importance 
was  noted  during  the  summer  of  1905,  when  on  account  of  the  wetness 
of  the  season  it  was  impossible  to  harvest  a  large  percentage  of  the 
wheat  crop  of  the  valley.  The  clover  field,  on  account  ol  the  mag- 
nitude of  the  transpiration  of  this  crop,  repeatedly  became  dry 
enough  to  cut  after  a  few  days  of  sunshine,  while  the  neighboring 
fields  of  ripened  wheat  never  dried  out  sufficiently  to  permit  of  their 
being  harvested.  In  regions  having  heavy  soils,  where  the  most  rigid 
conservation  of  moisture  is  not  necessary,  this  fact  may  furnish  an 
added  reason  for  eveiy  farmer's  sowing  clover  seed  at  the  rate  of  from 
three  to  six  pounds  per  acre  with  all  of  his  small  grains. 
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P&EPABATION  or  LAND,  SEEDING,  AND  SUBSEQUENT  TREATMENT. 

In  regard  to  the  crops  previously  grown  on  the  field,  preparation 
of  the  seed  bed,  nurse  crop  used,  and  notes  concerning  the  growth  of 
the  strains  during  the  first  year,  the  data  below  are  given  from  Profes- 
sor Shepperd's  annual  report  for  1904." 

The  land  und  for  this  trial  produced  a  crop  of  com  in  1902,  harley  in  1903,  and  clover 
trial  plats  WMB  seeded  with  wheat  as  a  nurse  crop  in  1904.  The  field  had  been  fall-plowed 
in  1903.  It  was  disked  on  May  10  and  harrowed  twice  with  a  peg-toothed  harrow  on 
May  11.  The  land  was  very  wet  in  the  spring  and  after  the  excess  of  water  finally  evap- 
orated a  period  of  very  dry  weather  caused  the  soil  to  bake.  The  seed  bed  was  far  from 
being  in  an  ideal  condition  on  May  12,  the  date  upon  which  the  wheat  was  seeded.  The 
wheat  was  sown  at  the  rate  of  5  pecks  per  acre  with  Fife  seed.  Four  days  later  the  clover 
seed  was  sown  by  hand  at  a  rate  slightly  less  than  10  pounds  per  acre.  The  clover  seed 
was  covered  by  harrowing  with  a  peg-toothed  harrow. 

Notes  recorded  June  15  state  that  the  wheat  was  showing  a  good  stand  and  that  the 
clover  plants  had  appeared  above  the  surface.  On  the  above  date  it  was  observed  that  the 
clover  was  showing  especially  well  upon  the  higher  places  in  the  almost  level  field. 
'  On  the  dates  July  25  and  26,  the  wheat,  which  was  just  forming  kernels,  was  cut  for 
hay  and  removed  from  the  field.  The  sickle  bar  was  set  as  high  as  the  machine  would  allow 
and  left  the  stubble  about  5  inches  high.  The  best  of  the  clover  was  so  high  upon  that  date 
that  itNras  clipped  off  by  the  sickle. 

On  August  2  Missouri  (No.  6),  Eastern  Ohio  (No.  12),  Russian  (No.  15),  and  Wisconsin 
(No.  19)  made  a  much  better  showing  than  the  plats  from  other  sources  of  seed.  Obser- 
vations recorded  on  September  10  show  especially  favorable  to  Missouri  (No.  6)  and  Wis- 
consin (No.  19),  while  Illinois  (No.  5)  and  Russian  (No.  15)  were  also  reported  as  showing 
well. 

WEATHER  CONDITIONS   DURING    1904   AND   1905. 

On  Septembei:  10,  1904,  immediately  after  which  date  a  killing 
frost  occurred,  there  seemed  to  be  a  sufficient  growth  of  clover  and 
of  wheat  stubble  to  form  a  moderate  winter  protection  for  the  clover 
plats. 

With  the  exception  of  August,  which  had  a  total  precipitation  of 
only  0.69  inch,  there  was  an  abundance  of  moisture  throughout  the 
growing  season.  The  mean  temperature  during  June,  July,  and 
August  was  from  2  to  5  degrees  below  normal. 

The  winter  of  1904-5  was  quite  severe,  but  in  spite  of  the  long- 
continued  cold  and  low  temperatures  no  loss  due  to  winterkilling  was 
observed  on  any  of  the  plats. 

According  to  notes  taken  on  May  1  the  strains  from  MogileflF, 
Courland,  Michigan,  Kentucky,  and  Tennessee,  in  the  order  given, 
showed  the  poorest  stands.  The  best  stand  of  all  was  on  the  Illinois 
plat,  w^hich  was  closely  seconded  by  those  sown  to  seed  from  eastern 
Ohio  and  Nebraska. 

a  Fifteenth  Annual  Report,  North  Dakota  Agricultural  Experiment  Station,  pp.  96-97. 
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The  following  table  shows  the  comparative  jrield  of  each  variety 
under  experiment,  also  date  of  first  bloom,  full  bloom,  and  cuttiHg, 
and  average  height  of  plants  when  cut: 

Tabls  XI. — Tiddf  time  of  first  andfuU  lioomf  heighij  arid  date  cfeutHng  of  doner  ai  Fcrf», 

N.  Dak.,  1905. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 

16 

16 

17 

18 

19 

20 


Souice. 


Commercial  soed  (Western  Bulked) 

Western  Ohio 

Northern  Indiana 

Southern  Indiana 

Illinois 

Missouri 

Iowa 

Commercial  seed  (not  inoculated) . 

Commercial  seed  (inoculated) 

Michigan 

Nebraska 

Eastern  Ohio 

Kentucky 

Tennessee 

Kief,  Russia 

Orel,  Russia 

Mogileff,  Russia 

Courland,  Russia 

Wisconsin 

Oregon 


Date  of  first 
bloom. 


Jane  20. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 


Date  of  fun 
bloom. 


Date  when 
cut. 


Julys. 
July  7. 
do. 


Julys. 
do. 


hei«»it   < 
when  cut.| 


...-.do. 

.do •. do. 

.do do. 

.do do. 

.do do. 

.do do. 

.do do. 

.do do. 

.do do., 

.do do. 

.do July  10. 

.do do. 

.do I do. 

(No  blossoms  when  cut.)  ' do. 

(Few  blossoms  when  cut. )  do . 

June  20 1  July  7 j do. 

do do I do. 

do I do do. 


3D 
27 
29 
29 
3S 
29 
29 
30 
30 
32 
28 
32 
27 
30 
38 
34 
28 
30 
28 
28 


Yield. 


4.464 

4.  MO 
1S» 

S.5]0 
3.9« 
4.680 

4,140 
3,750 

5.370 
4.610 
5^090 
4.900 
4.0iS2 
4.3S0 
4. 470 
4  380 
4,300 


GOMPABISON  OF  YIELDS. 


The  heaviest  yields  of  American  strains  of  clover  of  known  origin 
were  secured  from  the  Missouri  and  eastern  Ohio  samples,  followed 
rather  closely  by  those  from  Tennessee  and  Nebraska.  The  lightest 
yields  of  the  American  strains  were  obtained  from  seed  from  Michigan, 
Wisconsin,  and  Oregon. 

The  Russian  strains  were  among  those  giving  the  lowest  yields, 
the  Orel  clover  yielding  next  to  Michigan  seed,  the  lightest  crop. 
Clover  No.  18,  the  earliest  in  maturing,  produced  the  largest  crop 
of  the  Russian  sorts. 

The  low  yield  of  clover  No.  16  is  adequately  accounted  for  by  the 
fact  that  in  order  to  insure  the  securing  of  seed  of  this  variety  the 
plat  was  cut  two  weeks  before  it  had  properly  matured.  Plate  III, 
figure  1 ,  shows  the  Orel  clover,  immature  and  without  blossoms,  in  the 
foreground,  the  more  mature  Russian  form  from  Kief  in  the  neat 
background,  and  the  fully  matured  Tennessee  plat  in  the  farther 
background. 

Here,  again,  the  hairless  form  exhibited  all  of  the  desirable  forage 
qualities  noted  at  the  other  stations,  and  but  for  being  harvested 
so  exceedingly  early  would  no  doubt  have  shown  the  same  yielding 
qualities  as  elsewhere. 
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The  following  table  summarizes  the  yields  of  each  of  the  varieties 
groiivn  in  the  experiments  described  above: 

Tabl.£  Xn. — Companion  of  yields  ofjieldrcured  clover  hay  at  aU  norOiwestem  stations,  1906. 


No.! 


1 
2 
3 

4 
5 
6 

7 
8 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Source. 


GommerclBl  seed  (Woatem  Bulked) 

Weatem  Ohio 

Northern  Indiana 

Southern  Indiana 

lUinoia 

Missouri 

Iowa 

Commercial  seed  (not  inoculatejl).. 

Commercial  seed  (inoculated) 

Michigan 

Nebraska 

Eastern  Ohio 

Ken  t  ucky 

Tennessee 

Kief,  Russia 

Orel,  Russia 

MogllefT,  Russia 

Courland,  Russia 

Wisconsin 

Oregon 

Pennsylvania 

New  York 


I 


Nebrasica. 


Poundt. 
5,700 
4,980 
4,780 
5,020 
4,990 
5,010 
3,750 
5,950 
6,040 
5,570 
3,500 
5,080 
5,540 
4,670 
5,840 
7,100 
5,760 
4,570 
4,950 
4,930 
4,460 


South 
Dakota. 

Minnesota. 

Pounds. 

Pounds. 

4,400 

4,320 

3,500 

4,248 

2,510 

4,468 

2,710 

4,800 

3,990 

4,068 

4,450 

4,400 

4,130 

4,120 

3.998 

4,420 

4,312 

4,394 

4,400 

4,109 

4,500 

4,306 

4,640 

4,800 

3,420 

4,120 

3,970 

3,640 

4,060 

4,020 

5,610 

5,320 

4,030 

5,000 

3,280 

3,780 

2,970 

3,760 

4,560 

4,460 

1,800 

4,480 

2,400 

North 
Dakota. 


Pounds. 
5,220 
4,950 
4,484 
4,860 
4,830 
5,510 
3,960 
4,680 
4,140 
3,750 
5,080 
5,370 
4,610 
5,090 
4,200 
4,062 
4,350 
4,470 
4,380 
4,300 


OTHER  EXFEBIMENTS  IK  WHICH  CLOVEB  NO.  16  WAS  INCIiXTDBB. 

In  addition  to  the  Northwestern  States  already  mentioned,  to 
whose  conditions  the  hairless  clover  seems  best  adapted  and  where 
its  performance  has  been  described  in  some  detail,  this  form  was  also 
grown  in  the  following  sections: 

(1)  In  Ohio,  in  cooperation  with  the  Agricultural  Experiment 
Station,  on  the  farm  of  Mr.  E.  D.  Mclntyre,  near  Wooster.  The 
work  here  was  under  the  direction  of  Prof.  C.  E.  Thorne,  director  of 
the  station. 

(2)  In  Canada,  on  the  farm  of  the  Ontario  Agricultural  College 
and  Experiment  Station.  The  work  here  was  done  under  the  imme- 
diate direction  of  Prof.  C.  A.  Zavitz,  experimentalist. 

(3)  In  Indiana,  in  cooperation  with  Mr.  Theo.  H.  Reed,  on  the 
farm  of  Mr.  L.  B.  Harris,  near  Rushville,  Rush  County.  This  coimty 
is  in  the  heart  of  the  heaviest  clover-seed-producing  section  in  the 
United  States  and,  according  to  the  census  of  1900,  produced  more 
clover  seed  than  any  county  in  the  country. 

At  Wooster  the  Orel  clover  gave  one  of  the  highest  yields,  while 
at  Rushville  it  produced  one  of  the  poorest  crops  of  all  the  varieties 
tested,  wliich  was  probably  due  to  the  fact  that  it  was  harvested 
before  maturing.  Although  its  forage  qualities  and  botanical  char- 
acters were  identical  with  those  exhibited  at  other  stations,  this 
variety  does  not  seem  to  be  particularly  adapted  to  the  conditions 
existing  in  Ohio  and  Indiana. 

96 


40 


A    KEW    TYPE   OF   BED   CLOVER. 


In  Ontario,  however,  the  Orel  clover  and  a  somewhat  similar  form 
from  Ufa  gave  the  heaviest  yields.  The  data  for  this  station  are  » 
complete  that  they  are  given  in  full  in  the  following  table.  A  num- 
ber of  varieties  were  here  included  that  were  not  used  in  experiments 
in  the  States  previously  described.  The  data  for  these  are  alsc» 
included.  The  experiment  was  made  on  small  plats,  from  which  the 
acre  ^^elds  have  been  computed.     (See  PI.  Ill,  fig.  2.) 

Table  XIII. — Yidd  and  other  data  far  dover  groun  at  Gudph,  Ontario,  in  7.^15. 


No. 


2 

3 
4 
5 
6 
7 
8 

0 
10 
11 
12 
13 
14 
15 
IG 
17 
18 
19 
20 
21 
22 
24 
2.5 
2S 
29 


Source  of  seed. 


.    Date  of 
first  bloom. 


Date  of 
full  bloonL 


Date  when 
cut. 


I 


sood   (Wcstorn  ;  June  15...'  July 2 i  July  13... 


Commercial 

Bulked). 

Western  Ohio i  June  16.. 

Northern  Indiana '  June  15. . 

Southern  Indiana June  13. . 

Illinois do. . . 

Missouri do . . . 

Iowa June  15.. 

Commercial  seed  (not  Inocu-   do. . . 

iated ) . 

Commercial  seed  (inoculated) do... 

Michigan '  June  13.. 

Xebrasica do 

Eastern  Ohio do 

Kentucky June  14.. 

Tenne.««see do 

Kief,  Russia June  17. . 

Orel,  Kussitt June  18.. 

Mogileff,  Russia June  17.. 

Courland,  Russia June  14. . 

Wisconsin June  13. . 

Oregon do 


June  28. 

June  27. 

do. . 


do... 

do.. J 

do... 

June  30.. 


July  3.. 
June  30. 
June  29. 
June  30. 
Julys.. 

do.. 

July  7... 


Average 

height 

when  cut. 


Inches. 
30 

30 
2b 
2»J 
27 
27 


Pcnn.svlvanla do. 


■\ 


New  Vork 
Vitebsk,  Russia 
Perm,  Russia. . 

VUi,  Rnssiu June  18 

Kief,  Russia '  June  10 


June  16. 
June  14. 
June  l(i. 


June  29. . . 
June  2f». . . 
June  27..." 

do.... 

June  28... 
June  29... 
June  30... 
July  14...., 

July  2 ' 

June  29.,.; 
June  27... 
June  28...! 
June  26... 
June  29. . . 

do 

do 

Julv8 

July  2 


....do.. 
June  29. 
June  30. 

do.. 

Julys... 

do.. 

July  11.. 
July  16.. 
July  13.. 
Julys... 
July  6... 

do.. 

July  2... 
July  7... 
July  6... 
Julvl2.: 
July  17.. 
July  11.. 


..t 


27 
29J 


27 

27i 

26 

274 

2$^ 

27 

» 

30 

29 

2Si 

29 

27 

29 

30 

31 

26 

29i 


Yield 
otgTven 
mattfT 
toacpp- 

Pounds. 

IS.  MO 

18.120 
19.  OHO 
18.  «0 
18,240 
16.280 
16.880 
18.080 

IS.  380 
18.200 
18.920 
17.160 
17.120 
17, 6W 
15.5fi0 
20.SOO 
19.320 
23.  a« 
17,240 
16.880 
19.000 
19.280 
19.3F« 
18.  MO 
21.040 
30.240 


cur*-i  tM^ 

to  itiTf' 


PomndM. 

3.(52 

2.7»*:- 

2.4#- 

2.7* 
2.HD 
iW 
X'iX 

3.530 
2.24C 
2.T3D 

2.3a: 

2.Mr 
2  >rt: 

<•' 

(*p 

N« 
«M0 
•MO 

*-4n 
?* 

*.«<■ 


3,4«> 


Here,  again,  as  was  the  case  in  the  Northwest,  the  hairless  Oivl 
clover  was  the  latest  variety  in  maturing,  and  in  yield  it  was  surpassed 
only  by  the  strain  from  Ufa.  The  Michifjan  seed  gave  the  lowest 
yield  of  all,  2,240  pounds,  while  the  New  York  seed  gave  the  highest 
of  the  American  strains  of  known  origin,  3,640  pounds. 

Clover  No.  16  yielded  2,120  pounds  more  than  the  poorest  and  720 
pounds  more  than  the  best  domestic  strain,  and  it  produced  1,6(K) 
pounds  more  than  the  average  of  all  plats. 

The  same  characters  and  qualities  previously  noted  in  this  variety 
were  found  constant  in  this  experiment. 

The  record  of  mean  temperatures  and  precipitation  at  Guelph  for 
the  months  of  the  growing  season  of  1905  up  to  and  including  the 
time  of  harvesting  the  hay  crop,  in  comparison  with  the  normals  for 
the  same  months  at  Orel,  follows: 


f 
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Tasl.e  XrV. — Temperature  and  rainfall  far  certain  months  during  1906  at  Guelph,  Ontario^ 

compared  with  (he  normals  for  the  same  months  at  Orel,  Russia. 


• 

Temperature. 

Precipitation. 

Month. 

Quelph. 

Orel.o 

Guelph. 

Orei.fc 

Mean. 

Normal. 

Total. 

Normal. 

April 

Of. 

41.15 
52.84 
62.58 
67.67 

38.08 
56.10 
63.55 
67.76 

Inches. 
1.75 
3.89 
3.54 
4.66 

Inches. 
1.57 

Mav 

1.87 

J  uno 

1.97 

Julv 

2.80 

o  Wild,  Die  Temperaturverhaitnlsse  des  Russischen  Reiches,  St.  Petersburg,  1881. 
t>  Wild,  Die  Regenverh&ltnisse  des  Russischen  Reiches,  St.  Petersburg,  1887. 


DESCBIPTION  OF  KEW  TYPE  AND  NAICE  PBOPOSED. 

■ 

Although  American  red  clovers  from  widely  separated  sources  vary 
greatly  among  themselves,  these  variations  do  not  appear  to  be  con- 
stant and  are  not  of  sufficient  importance  in  any  case  to  justify  the 
giving  of  varietal  rank  in  the  botanical  sense  to  any  of  the  regional 
strains  of  domestic  origin  used  in  these  experiments.     On  the  other 
hand,  the  distinctions  between  the  hairless  Orel  clover  and  the  Amer- 
ican clovers  are  so  numerous  and  well  defined  in  the  plant  itself, 
though  not  apparent  in  the  seed,  that  it  seems  advisable,  on  account 
of  the  probable  economic  importance  of  the  former,  to  give  it  a  dis- 
tinct varietal  name.     Almost  complete  lack  of  hairiness  is  perhaps 
the  most  striking  distinguishing  mark  of  this  form  in  the  field,  but 
the  variability  in  amount  of  hairiness,  differing  as  it  does  even  in 
American  strains  from  more  or  less  widely  separated  sources,  makes 
this  an  undesirable  quality  on  which  to  base  a  name.     On  account'  of 
the  value  both  from  an  economic  standpoint  and  as  a  botanical 
character  of  the  general  leafiness  of  the  plant  and  the  persistence  and 
number  of  basal  leaves  produced,  the  writer  proposes  for  this  variety 
the  designation   Trifolium  pratense  var.  foliosum,  based  on  these 
characters.     A  type  specimen  has  been  deposited  in  the  National 
Herbarium. 

In  addition  to  lack  of  hairiness  and  the  unusual  leafing  qualities 
referred  to  above,  the  plants  of  this  variety  have  a  more  upright 
habit  of  growth  ami  branch  more  freely  than  the  American  form. 
Besides  the  foregoing,  there  are  other  differences  of  a  more  purely 
botanical  character.  The  white  spots  on  the  leaflets  which  are  so 
prominent  in  the  ordinary  form  are  frequently  absent  from  plants 
of  this  variety  and  often  when  present  can  scarcely  be  seen.  The 
largest  mature  leaves  of  the  smooth  clover  are  about  the  same  size 
as  the  smallest  of  the  American  strains.  The  flower  heads  are  also 
smaller,  less  compact,  and  rather  more  elongate  than  those  of  the 
latter.  The  bracts  subtending  the  inflorescences  are  smaller  in  this 
form;  also  more  circular  in  outline,  less  prominently  nerved,  of  finer 
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texture,  and  glabrous  throughout  except  at  the  apex,  which  is  some 
times  tipped  with  a  few  slender  hairs.  In  the  American  forni  th 
under  side  and  margin  of  these  bracts  are  covered  with  niany  fin 
hairs. 

The  stipules  also  show  some  constant  dissimilarities.  On  plant 
of  equal  age  the  stipules  of  the  American  strains  are  larger,  hairy  oi 
the  back,  margins,  and  tip,  and  in  the  cured  hay  are  harsh  and  woody 
in  the  Orel  clover  they  are  smaller,  of  finer  texture,  much  less  prom 
inently  veined,  and  hairless  except  at  the  tip,  where  there  is  usualh 
a  tuft  of  hairs.  According  to  a  comparison  of  a  large  number  d 
measurements  of  the  stipules  and  petioles  of  the  basal  leaves  of  botl 
forms,  although  the  stipules  of  No.  16  are  shorter,  the  petioles  an 
longer.  In  the  former  the  stipules  constitute  about  8  per  cent  d 
the  total  length ;  in  the  latter,  about  15  per  cent.  The  average  lengtl 
of  the  stipules  in  both  No.  16  and  the  American  forms  was  found  U 
be  22  mm.  and  24  mm.,  respectively,  and  of  the  petioles  270  mm 
and  160  mm.,  respectively.  The  same  proportion  was  not  found  tc 
hold  true  in  regard  to  the  leaves  of  flower-bearing  stems.  In  these, 
both  the  stipules  and  petioles,  comparing  similar  parts  of  plants  ol 
about  equal  development,  are  shorter  in  the  hairless  form.  The 
average  lengths  of  stipules  and  petioles  in  the  latter  are  20  mm.  and 
104  mm.,  while  in  the  domestic  form  they  are  22  mm.  and  114  mm., 
respectively.     (See  PI.  II,  fig.  1.) 

The  calyx  of  the  smooth  clover  is  sparingly  covered  with  short, 
appressed  hairs,  while  in  the  hairy  American  form  it  is  densely  cov- 
ered with  more  erect  hairs,  which  are  in  general  from  li  to  2J  times 
longer.  The  calyx  in  both  forms  is  five-toothed,  one  tooth  heiuft 
considerably  longer  than  the  other  four.  In  the  American  form  the 
long  tooth  appears  to  be  always  more  than  twice  as  long  as  the  four 
short  ones,  which  are  of  about  equal  length,  while  in  the  variety 
foliosum  the  long  tooth  seems  never  to  be  as  much  as  twice  as  long 
as  the  others. 

The  few  hairs  that  occur  on  the  Orel  clover,  no  matter  upon  whAt^ 
portion  of  the  plant  they  are  found,  are  comparatively  very  short 
and  always  appressed  to  the  part  bearing  them,  while  in  the  domestic 
clover  they  are  numerous,  in  young  plants  matted  (see  PI.  II,  fig.  2), 
and  extend  at  right  angles  from  the  organ  on  which  they  are  borne. 

LATER  OBSEBVATIONS. 

Notes  taken  during  May  and  June  of  1906  on  the  plats  in  Nebraska 
and  North  Dakota,  now  in  their  third  year,  tend  to  confirm  the  obser- 
vations recorded  for  all  stations  during  the  growing  season  of  1905. 
In  only  one  case  was  the  seed  production  of  clover  No.  16  satisfactory 
under  the  method  of  taking  two  full  crops.  This  was  in  southern 
Indiana,  where  its  yield  was  fully  up  to  the  average  for  other  varieties. 
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I  Carlton,  Oreg.,  on  Mr.  F.  J.  Canfield's  farm,  another  late  Russian 
•ain,  resembling  No.  16.  in  many  respects,  gave  a  very  satisfactory 
»ld  of  seed.  In  this  case  only  one  crop,  the  seed  crop,  was  har- 
sted,  the  field  having  previously  been  pastured  quite  closely  with 
gs  and  sheep  until  early  summer.  Although  cut  at  the  same  time 
the  earlier  strains,  the  late  Russian  form  indicated  such  promising 
elding  qualities  as  to  insure  a  large  crop  of  seed  with  proper  handling. 
le  need  for  having  all  strains  ready  to  hull  at  the  same  time  made 
cessary  the  too  early  cutting  of  this  strain,  which  was  obtained  from 
fa  and  has  been  previously  referred  to  in  connection  with  the  experi- 
Bnt  in  Ontario. 

From  the  observations  made  on  the  seed  production  of  clover  No. 
t,  it  is  evident  that  the  chief  obstacle  to  the  successful  introduction 

the  new  variety  into  commercial  culture  rests  on  the  fact  that  seed 
ue  to  type  will  be  difficult  to  secure,  and  when  it  has  been  secured  it 
ill  require  some  time  before  a  sufficient  quantity  will  have  been 
opagated  to  sow  any  considerable  area.  For  this  reason  it  is  sug- 
sted  that  growers  securing  seed  of  this  variety  from  any  source 
tatever  should  devote  the  greater  part  of  their  field  to  seed  produc- 
>n.  On  account  of  its  lateness  it  may  not  be  possible,  except  in 
tuthem  parts  of  the  clover  region,  where  the  seasons  are  long,  to 
cure  both  a  hay  and  a  seed  crop  in  any  one  year.     Therefore  growers 

the  North  and  Northwest  are  advised  not  to  attempt  to  secure  two 

II  crops,  but  rather  to  mow  a  light  crop  of  hay  late  in  May — say, 
>tween  May  20  and  June  1 — and  then  allow  the  field  to  go  to  seed.  In 
ctions  where  the  practice  of  pasturing  is  permissible  it  may  prove 
ore  profitable  to  pasture  the  fields  until  about  May  25  instead  of 
kking  off  an  early  cutting.  The  date  of  this  cutting  or  of  the  pastuc- 
ig  will  of  course  vary  in  different  sections. 

On  account  of  the  persistence  of  the  leaves  and  the  general  charac- 
ir  of  plant,  the  straw  that  remains  after  hulling  clover  No.  16  should 
imish  considerably  more  feed  than  that  of  the  hairy  type  of  clover. 

The  fact  that  the  seedlings  of  the  new  clover  are  almost  absolutely 
ee  from  hairiness  may  prove  a  help  in  determining  the  genuineness 
'  any  sample.  Where  seed  is  purchased  long  enough  in  advance  of 
ceding  to  make  it  possible,  the  germination  test  could  be  prolonged  in 
ots  for  thirty  days  with  a  view  to  examining  the  seedlings.  By  this 
me  the  ordinary  clovers  are  very  hairy,  while  No.  16  remains  almost 
erfectly  smooth. 

The  Department  of  Agriculture  is  making  an  effort  to  secure  a  new 
aportation  from  the  same  source  as  the  original  seed  used  in  these 
cperiments.  This  seed  when  obtained  will  be  planted  for  the  most 
art  in  large  fields  in  order  to  secure  a  supply  for  use  in  distribution 
nd  for  experimental  work. 
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A  very  interesting  fact  in  connection  with  the  3-year-old  plats 
of  the  Orel  clover,  indicating  either  unusual  cold-resisting  qualities  or 
a  tendency  to  become  perennial,  was  noted  both  at  Fargo,  N.  Dak.,  and 
at  Oakland,  Nebr.  In  both  of  these  cases  the  new  type  has  the  best 
stand  remaining  of  all  the  20  or  21  strains  used  in  the  experiment:  ui 
fact,  at  Oakland;  No.  16  is  the  only  plat  on  the  field  that  has  a  full 
stand. 

In  a  report  dated  June  25,  1906,  just  received  from  Mr.  John  P. 
Young,  he  states  that  with  the  exception  of  Russian  clover  No.  16  all 
of  the  plats  have  but  a  light  sprinkling  of  plants  from  the  old  seed,  and 
he  is  of  the  opinion  that  the  majority  of  these  were  produced  from  seed 
matured  in  the  autumn  of  the  seeding  year  1904.  On  a  large  portion 
of  the  field  not  more  than  one  or  two  plants  appear  on  10  square  feet  of 
ground.  Returning  again  to  the  Orel  clover,  Mr.  Young  refers  to  its 
upright  habit,  abundant  foliage,  soft  velvety  texture,  and  the  prefer- 
ence that  cattle  show  for  it,  and  states  that  "it  is  the  only  strain  on 
the  whole  field  that  has  a  full  stand  from  the  first  seeding.  '* 

This  tendency  to  become  perennial,  the  absence  of  hairiness,  and  the 
other  desirable  qualities  mentioned  by  Mr.  Young  continue  to  distin- 
guish the  new  form  from  the  ordinary  type  of  red  clover  now  inuse. 

SirMMABY. 

Red  clover,  on  account  of  its  great  value  as  a  forage  plant  and 
because  of  its  power  of  renewing  and  maintaining  the  fertility  of  the 
soil,  is  one  of  the  most  important  crop  plants  of  modem  agriculture. 

In  the  course  of  an  extensive  experiment  with  seed  from  difiPerent 
sources  there  appeared  a  variety,  hitherto  not  used  in  the  United 
States,  possessing  certain  advantageous  qualities  which  make  it  desir- 
able to  introduce  it  into  American  farming. 

The  seed  of  this  variety  was  secured  from  the  " Black  Earth''  region 
in  the  eastern  part  of  the  Orel  government  of  Russia.  The  soil  and 
climate  of  this  section  resemble  strikingly  those  of  our  own  north- 
western prairie  country,  particularly  Nebraska,  Minnesota,  and  the 
Dakotas. 

This  variety  is  distinguished  by  the  dustlessness  of  its  hay,  due  to 
almost  complete  absence  of  hairiness  from  all  parts  of  the  plant,  b>'its 
heavy  yields  for  the  first  crop,  by  its  leafiness  and  the  persistence  of 
the  basal  leaves,  by  the  succulence  of  the  st^ms,  which  improves 
greatly  the  quality  of  the  hay  and  reduces  the  waste  due  to  woody, 
uneatable  portions,  by  greater  palatability  than  hay  from  domestic 
seed,  and  by  the  fact  that  it  comes  to  proper  maturity  for  harvesting 
from  ten  days  to  two  weeks  later  than  the  ordinary  American  red 
clover. 
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Except  in  certain  sections  and  for  certain  purposes  this  variety  is 
not  recommended  for  supplanting  domestic  red  clover,  but  rather  for 
supplementing  the  latter. 

Although  the  hairless  Orel  clover  can  be  readily  distinguished  from 
the  American  form  on  the  field,  there  is  no  apparent  difference  in  the 
seed.  The  Department  of  Agriculture  has  at  the  present  time  no  seed 
for  general  distribution,  the  supply  on  hand  being  suflScient  only  for 
purposes  of  experimental  propagation. 

Before  purchasing  seed  from  foreign  sources,  purporting  to  be  of 
this  variety,  farmers  are  urged  to  take  special  precautions  against  the 
introduction  of  dangerous  weed  pests  and  to  assure  themselves  as  far 
as  possible  as  to  the  genuineness  of  the  seed. 

96 


\ 


PLATES. 


96 

47 


BESCRIPTION  OF  PLATES. 

Plate  I.  Frontispiece.  Fig.  1. — Plant  of  hairless  Orel  clove  r,  almost  mature,  r^.2.— 
Mature  plant  of  American  red  clover. 

A  portion  of  the  plant  from  which  figure  1  was  made  has  been  deposited  in  tiie 
United  States  National  Herbarium  (No.  409983)  as  a  type  specimen  of  TrtfUivR 
pratense  var.  foliosum.  Formalin  material  from  the  same  plant  is  preseived  in  tbe 
Laboratory  of  Plant  Life  History. 

Plate  II.  Fig.  L — Stems,  stipules,  and  bases  of  petioles  of  American  and  of  hairless  Orei 
clover  (1}  times  natural  size).  Fig.  2. — Young  plants  of  hairless  Orel  clover  and 
American  red  clover,  showing  smooth  and  hairy  types  (five-eighths  natural  size). 

Tho  photographs  from  which  Plates  I  and  II  were  made  are  of  seventeen-mooths- 
old  plants  of  the  second  crop,  grown  on  the  farm  of  the  Minnesota  Ezperiment 
Station,  at  St.  Anthony  Park. 

Plate  III.  Fig.  1. — ^Large  plats  used  in  clover  experiments,  North  Dakota  Agricultur&l 
College,  Agricultural  College,  N.  Dak.  (Negative  by  O.  O.  Churchill.)  Fig.  2. — SouJl 
plats  used  in  experimental  work,  Ontario  Agricultural  College  and  £xperinDLent  Statioo, 
Guelph,  Ontario.    (Photograph  furnished  by  Prof.  C.  A.  Zavitz.) 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washinffton,  D.  (7.,  September  25^  1906, 

Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  on  "  Tobacco 
Breeding,"  by  Messrs.  A.  D.  Shamel  and  W.  W.  Col)ey,  of  the  Plant 
Breeding  Investigations  of  this  Bureau,  and  would  recommend 
its  publication  as  Bulletin  No.  96  of  the  Bureau  series. 

The  tobacco-breeding  w^ork  of  the  Bureau  of  Plant  Industry  has 
now  been  under  way  for  several  years,  and  results  have  been  obtained 
which  have  attracted  widespread  attention  and  proved  of  very 
great  value  to  practical  tobacco  growers.  This  bulletin  is  intended 
to  summarize  the  results  secured  up  to  date  and  to  place  the 
knowledge  obtained  before  growers  in  such  a  form  that  they  will 
be  able  to  understand  it  and  apply  it  in  the  practical  work  of  im- 
proving their  crops.  The  experiments  have  shown  that  tobacco  can 
be  improved  in  many  important  ways,  and  the  methods  by  which 
such  improvements  can  be  produced  are  here  described  in  detail. 
The  illustrations  form  a  .very  important  part  of  the  publication 
and  are  necessary  to  enable  the  grower  to  understand  clearly  the 
character  and  improvements  discussed  in  the  text  of  the  bulletin. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INTBODTTCTION. 

The  growing  importance  of  the  tobacco  industry  may  be  realized 
from  a  brief  summary  of  the  estimates  of  the  value  of  the  crop  in  the 
United  States  in  the  season  of  1906.    About  796,099  acres  of  tobacco 
were  grown,  producing  an  average  yield  of  857.2  pounds  to  the  acre, 
or  a  total  of  682,428,530  pounds.    The  average  value  of  the  crop  was 
10.0  cents  a  pound,  or  a  total  of  about  $68,232,647.     While  it  is 
almost  impossible  to  comprehend  the  magnitude  of  the  value  of  the 
manufactured  products  of  tobacco,  a  glance  at  the  total  figures  may 
convey  some  idea  of  the  development  of  this  great  and  distinctively 
American  industry.     In  1900  the  total  value  of  the  manufactured 
products  of  tobacco  was  $283,076,546.    These  products  may  be  divided 
into  three  general  classes,  of  which  the  values  were  as  follows :  Cigars 
and  cigarettes,  $160,223,152;  chewing,  smoking,  and  snuff  products 
$103,754,362;  stemmed  and  rehandled  tobacco,  $19,099,032.     In  the 
manufacture  of  these  products  142,277  people  were  employed,  who 
earned  a  total  wage  of  $49,852,484.    In  addition  to  the  tobacco  grown 
in  the  United  States  there  was  imported  into  the  United  States  in  the 
year  ended  June  30,  1906,  $4,143,192  worth  of  tobacco  in  a  manufac- 
tured condition  and  $22,447,514  worth  of   unmanufactured   prod- 
ucts, making  the  total  value  of  the  importations  during  this  period 
$26,590,706.     During  the  same  time  the  exports  of  manufactured 
tobacco  were  valued  at  $5,410,480,  and  of  unmanufactured  tobacco 
at   $28,808,367.     In    1891    the    tobacco    industry    furnished    almost 
$50,000,000  revenue  to  the  Federal  Government,  and  the  revenue  from 
this  source  now  amounts  to  about  one-eighth  of  the  Government's 
total  net  receipts. 

The  United  States  now  grows  by  far  the  largest  quantity  of  tobacco 
produced  by  any  country  in  the  world.  ^\Tiile  tobacco  was  grown  by 
the  first  settlers  in  the  colonies  and  was  one  of  their  principal  cash 
crops,  the  extensive  development  of  this  industry  has  been  a  matter  of 
comparatively  recent  years.  The  introduction  of  tobacco  into  the 
different  sections  of  the  United  States,  with  their  widely  varying 
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conditions  of  soil  and  climate,  has  resulted  in  the  proifuction  of  types 
adapted  to  the  soils  and  conditions  of  these  sections,  as  well  as  supply- 
ing a  product  for  the  varied  manu  fact  tires  now  demanded  by  tbe 
consumers  of  tobacco.  Improvements  in  methods  of  culture,  curing, 
and  fermentation  have  resulted  in  the  production  of  tobacco  having 
an  increased  value,  but  the  most  important  factor  in  the  development 
of  more  valuable  tobaccos  has  been  the  production  of  improved 
varieties  by  seed  selection  and  breeding.  The  production  of  these 
improved  varieties  adapted  to  local  soil  and  climatic  conditions  has 
madid  possible  the  rapid  development  of  the  industry  and  enabled  the 
United  States  in  a  comparatively  short  time  to  rank  as  the  foremost 
tobacco-producing  country  in  the  world. 

The  prosperity  of  the  tobacco  industry  as  a  whole  and  of  the 
growers  in  particular  depends  on  the  development  of  improved 
varieties  of  tobacco  adapted  to  the  demands  of  manufacturers  and 
consumers.  There  is  no  crop  which  responds  so  readily  to  breeding  as 
tobacco,  as  has  been  proved  by  the  experiments  of  the  writers,  and  it 
is  further  true  that  without  careful  selection  and  breeding  there  is 
no  crop  which  so  quickly  deteriorates  in  yield  and  quality-  The 
extent  of  the  areas  in  the  United  States  in  which  the  conditions  of 
soil  and  climate  are  suitable  to  tobacco  culture  is  almost  unlimited, 
so  that  it  seems  possible  that  by  giving  attention  to  the  production  of 
varieties  adapted  to  those  conditions  this  country  can  continue  to 
produce  an  increasingly  large  yield  of  valuable  tobaccos. 

The  experiments  of  the  writers  have  shown  that  it  is  possible  to 
increase  the  yield  and  improve  the  quality  of  the  crop  by  seed  selec- 
tion and  breeding.  The  methods  of  breeding  worked  out  in  the 
course  of  these  experiments  are  simple  and  practical  and  can  be 
carried  out  by  every  grower  with  little  or  no  extra  cost  in  the  pro- 
duction of  the  crop.  The  fact  that  tobacco  is  perfectly  self- fertile 
and  that  self-fertilized  seed  produces  more  imiform  and  better 
developed  plants  than  seed  resulting  from  cross-fertilization  withiii 
the  variety  makes  it  possible  by  the  adoption  of  proper  methods  of 
saving  seed  to  make  rapid  progress  in  the  improvement  of  the  crop. 
Improvement  in  the  shape,  size,  and  quality  of  leaves  or  increase 
in  the  number  of  leaves  borne  by  the  individual  plants,  all  of 
which  can  be  attained  by  breeding,  means  increased  profits  to  the 
growers  and  manufacturers,  and  therefore  is  of  vital  interest  to  al' 
who  are  interested  in  the  production,  manufacture,  and  consump- 
tion of  this  crop. 

The  production  of  new  varieties  of  tobacco  by  hj^bridization  and 
selection  is  a  most  important  phase  of  tobacco  breeding.  The  new 
hybrids  of  native  New  England  varieties  with  standard  forei^- 
grown  varieties,  combining  certain  valuable  characters  of  both  par- 
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ents,  described  in  this  bulletin,  are  good  illustrations  of  the  use  of 
breeding  in  the  improvement  of  the  tobacco  crop.  The  making 
and  testing  of  hybrids  are  matters  of  experiment  and  require  con- 
siderable time  and  expense,  but  experience  has  shown  that  the 
results  justify  the  necessary  expenditure. 

The  production  of  improved  breeds  of  live  stock  and  varieties  of 
fruits  and  cereals,  in  fact,  of  all  crops,  might  be  cited  to  prove  the 
importance  of  applying  the  principles  of  breeding  to  the  tobacco 
crop.  It  is  only  recently  that  systematic  breeding  experiments  have 
been  undertaken.  It  is  hoped  that  the  results  of  the  experiments 
cited  in  this  bulletin  will  serve  as  a  means  of  creating  general  inter- 
est in  this  subject  and  of  inducing  investigators,  breeders,  and  grow- 
ers to  turn  their  attention  to  the  further  improvement  of  their  crops. 

Tobacco  growers  in  the  sections  where  these  experiments  have 
been  carried  on  have  generally  adopted  the  improved  methods  ol 
bagging  carefully  selected  seed  plants  and  of  separating  the  seed, 
and  they  are  using  the  improved  varieties  of  tobacco  produced  in 
the  course  of  these  investigations.  In  most  of  these  districts  cer- 
tain men  have  become  interested  in  the  careful  and  systematic  breed- 
ing of  tobacco. 

THE  GBEAT  VABIABILITY  OF  TOBACCO  PLANTS. 

Under  the  intensive  system  of  cultivation  necessary  for  the  pro- 
duction of  profitable  crops  of  tobacco, .the  condition  of  the  soil, 
the  fertilization,  and  the  cultivation  are  fairly  uniform  so  far  as 
individual  fields  are  concerned.  In  those  tobacco-growing  sections 
where  the  best  grades  are  produced  it  is  a  common  practise  to  grow 
tobacco  year  after  year  on  the  same  field  without  rotation,  instances 
being  known  where  more  than  fifty  consecutive  crops  have  been  pro- 
duced on  the  same  field.  This  system  of  cropping  enables  the  grow- 
ers to  become  thoroly  familiar  with  the  character  of  the  soil  in  all 
sections  of  the  fields,  so  that  any  inequality  in  fertility  can  be  reme- 
died by  the  judicious  application  of  manures  or  commercial  fertili- 
zers, or  by  methods  of  cultivation.  Notwithstanding  these  favorable 
circumstances  for  the  production  of  uniform  plants,  a  careful  study 
of  the  plants  in  these  fields  reveals  a  great  lack  of  uniformity  as 
regards  all  characters.  This  lack  of  uniformity  is  particularly 
noticeable  with  respect  to  the  variation  in  number,  size,  venation, 
shape,  and  habit  of  growth  of  the  leaves  borne  by  individual  plants, 
the  time  of  ripening  of  the  leaves  on  the  same  plant  and  on  different 
plants,  the  number  and  size  of  the  suckers,  and  the  structure  and 
arrangement  of  the  flowers  and  flower  heads.  From  the  practical 
standpoint,  there  is  no  more  important  problem  in  tobacco  culture 
than  the  production  of  uniform  crops.     A  lack  of  uniformity  in  the 
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crop  not  only  results  in  a  low  yield,  as  a  whole,  and  more  especially 
of  the  best  and  most  profitable  grades  of  the  cured  and  fermented 
product,  but  also  increases  the  cost  of  sorting  out  the  diflferent 
types  of  leaves  into  their  respective  grades  for  market,  the  expense 
of  which  must  be  borne  directly  or  indirectly  by  the  grower. 

The  principal  cause  of  the  lack  of  uniformity  in  tobacco  is  cross- 
fertilization.  In  tobacco,  as  in  all  other  crops,  seed  resulting  from 
cross- fertilization  produces  many  plants  unlike  either  parent.  There- 
fore such  seed  is  undesirable  for  the  general  planting  of  a  crop 
where  uniformity  is  so  important  a  factor.  Where  the  toljacco  ?eed 
plants  are  grown  without  protection  from  cross-fertilization  some 
of  the  flowers  are  cross-fertilized  by  insects  or  other  agencies.  De- 
sirable plants  may  thus  be  crossed  with  undesirable  plants  in  the 
same  field  or  in  adjoining  fields,  and  the  plants  grown  from  the  seed 
thus  produced  are  usually  extremely  variable,  some  of  them  resem- 
bling the  desirable  plants  from  which  the  seed  was  harvested,  others 
resembling  the  inferior  plants  from  which  the  pollen  was  carried 
for  crossing,  whUe  the  remainder  are  df  an  intermediate  type,  un- 
suited  to  the  purpose  for  which  the  crop  is  grown,  and  therefore 
causing  a  loss  to  the  grower.  The  writers  have  observed  number- 
less cases  in  different  tobacco-growing  sections  where  several  dis- 
tinct and  worthless  new  types  appeared  in  the  fields,  the  plants  of 
which  were  grown  from  carefully  selected  seed.  These  undesirable 
types  could  only  be  accounted  for  by  the  accidental  crossing  of  the 
seed  plants  the  year  preceding  or  at  some  previous  time.  The  cross- 
ing of  individual  plants  of  the  same  strain,  even  if  both  are  desirable 
plants,  results  in  undesirable  variations,  many  of  which  are  appar- 
ently reversions  to  earlier  and  unimproved  types  of  tobacco. 

In  those  varieties  of  tobacco  in  which  the  buds  are  removed  long 
before  the  flowers  open  on  all  of  the  plants  except  those  saved  for 
seed  production,  or  where  early  topping  is  practised,  the  opportunity 
for  the  crossing  of  the  flowers  borne  by  the  seed  plants  with  other 
plants  in  the  same  field  is  almost  wholly  limited  to  the  seed  plantSL 
However,  it  frequently  occurs  that  late  or  diseased  plants,  or  pos- 
sibly sucker  branches  that  have  been  overlookt,  develop  flowers 
which  open  at  just  the  right  time  to  allow  insects  to  carry  the  pollen 
from  these  flowers  to  the  seed  plants  and  thus  effect  cross-fertiliza- 
tion. There  is  little  doubt  that  many  of  the  plants  of  irregular  and 
unusual  types  are  produced  as  a  result  of  this  kind  of  cross-fertiliza- 
tion. 

An  important  cause  of  variation  in  tobacco  plants  Is  the  use  of 
immature  seed.  Many  growers  cut  off  or  harvest  the  seed  heads 
before  all  of  the  seed  pods  have  turned  brown;  hence,  before  ma- 
turity.   The  writers  have  observed  hundreds  of  instances  where  the 
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seed  plants  have  been  cut  off  while  many  of  the  flowers  were  still  in 
bloom.  On  such  seed  heads  seed  pods  in  all  stages  of  maturity  can 
be  found.  Some  of  the  pods  are  fully  ripe  and  contain  mature  seed, 
while  others  have  not  fully  developed.  Much  of  the  seed  is  imma- 
ture and  contains  little  food  for  the  nourishment  of  the  plantlet. 
These  seed  heads  are  frequently  thrashed  out  with  a  flail  or  the  pods 
are  crushed  by  the  hands  in  order  to  shell  out  the  seed.  In  this  way 
the  immature  seed  is  mixt  with  the  ripe  seed  sown  in  the  seed 
beds.  In  the  seed  beds  the  inmiature  seed  frequently  sprouts  earlier 
than  the  mature  seed,  and  the  early  seedlings  grown  from  such  seed 
are  naturally  used  for  transplanting  in  the  field.  Such  plants  have 
a  great  tendency  to  vary,  in  some  cases  being  very  early,  and  as  a 
rule  having  leaves  that  are  small,  coarse,  and  wholly  undesirable  for 
any  purpose.  These  weak,  immature  tobacco  seeds,  according  to 
careful  and  extensive  observations  by  the  writers,  produce  plants 
which  are  more  subject  to  certain  diseases,  particularly  the  mosaic 
disease,  than  are  plants  grown  from  mature  seed. 

The  excess  of  plant  food  in  the  soil  where  heavy  applications  of 
barnyard  manure  and  commercial  fertilizers  are  used  is  usually 
thought  to  produce  variations  in  the  plants.  This  variation  is  usually 
shown  by  an  increase  in  the  size  of  the  leaves,  which  is  generally 
correlated  with  changes  in  color,  flavor,  and  other  characters.  In 
these  cases  there  is  usually  a  tendency  for  the  type  of  plant  to  break 
up,  so  that  the  uniformity  of  the  crop  is  disturbed.  Where  it  is 
necessary  to  use  large  quantities  of  fertilizers  in  the  gi'owing  of  a 
profitable  crop,  the  inclination  to  variation  induced  by  this  intensive 
system  of  cultivation  must  be  controlled  by  the  most  rigid  selection 
of  seed  from  the  type  of  plants  best  adapted  for  the  purpose  for 
which  the  tobacco  is  grown. 

The  change  of  soil  and  climatic  conditions,  particularly  the  taking 
of  tobacco  seed  from  southern  or  tropical  conditions  to  the  north, 
is  a  fertile  source  of  variations  in  tobacco.  The  fixation  of  a  uniform 
type  in  this  case  requires  several  years  of  acclimatization,  supple- 
mented by  selection  of  seed  from  the  desirable  plants. 

In  the  production  of  improved  varieties  of  tobacco  by  breeding,  va- 
riation in  type  can  be  secured  by  crossing,  and  by  continued  saving  of 
self-fertilized  seeds  from  plants  most  nearly  reaching  the  growers' 
ideal  of  perfect  plants  uniform  types  can  be  fixt.  Growers  will  fre- 
quently find  plants  that  are  markedly  better  than  the  rest  of  the  plants 
in  the  field,  so  that  by  selecting  thase  desirable  variations  a  steady  im- 
provement in  the  yield  and  quality  of  the  crop  can  be  effected.  Vari- 
ation, therefore,  is  a  basis  for  selection  in  an  experimental  way,  but 
in  practise  every  effort  must  be  put  forth  in  order  to  secure  uni- 
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formity  of  the. plants  in  the  field  and  thus  produce  the  most  profit- 
able crops. 

The  variations  in  tobacco  plants  may  be  divided  into  two  general 
classes — variation  in  type  and  individual  variability  within  the  type. 
The  causes  of  the  variations  in  type,  or  striking  variations,  include 
crossing  and  change  of  soil  and  climatic  conditions,  particularly  the 
change  of  seed  from  the  Tropics  to  temperate  regions.  The  caud« 
of  individual  variations  within  the  type  include  the  fortuitous  va- 
riations or  inherent  tendency  to  variability,  methods  of  soil  fertili- 
zation and  cultivation,  maturity  of  seed,  and  various  local  conditions. 
With  an  understanding  of  these  conditions  the  grower  can  to  a  great 
extent  control  the  degree  of  variability  by  methods  of  saving  seed^ 
systems  of  cultivation,  and  other  practical  methods  of  culture. 

THE  INTBODTJCTIOK  AND   ACCLIlffATIZATIGN   OF   VASIETIE& 

The  introduction  of  the  seed  of  standard  foreign-grown  varieties 
of  tobacco  has  been  the  source  of  increased  wealth  and  prosperity 
in  certain  tobacco  districts  of  the  United  States.  In  other  regions 
such  importations  have  resulted  in  great  financial  loss  to  the  grow- 
ers, which  in  most  cases  has  been  due  to  a  lack  of  knowledge  of  the 
effect  of  the  change  of  soil  and  climatic  conditions  on  the  particular 
type  of  tobacco  grown.  The  writers  have  had  an  unusual  opportu- 
nity in  the  course  of  their  work  to  observe  the  behavior  of  crops- 
grown  in  different  tobacco-growing  sections  from  imported  seed,  and 
have  conducted  extensive  experiments  in  taking  seed  from  one  dis- 
trict to  another,  with  a  view  to  securing  definite  information  on 
this  subject  for  the  benefit  of  the  growers.  The  results  of  these 
observations  are  presented  here  for  the  guidance  of  tobacco  growers 
who  desire  to  use  foreign-grown  seed  or  who  wish  to  change  their 
seed. 

The  western  Florida  and  southern  Georgia  Sumatra  tobacco  in- 
dustry is  an  illustration  of  the  successful  introduction  of  a  foreign- 
grown  variety  of  tobacco.  Tobacco  growers  in  this  region  secured 
small  samples  of  the  seed  of  the  Sumatra  variety  of  tobacco  from 
the  island  of  Sumatra.  At  first  small  experimental  crops  were 
grown  and  seed  saved  from  the  best  plants  in  these  crops.  In  the 
course  of  this  experimental  cultivation  it  was  noticed  that  the 
plants  grown  under  the  partial  shade  of  trees  in  freshly  cleared 
fields  produced  finer  and  more  desirable  leaves  for  cigar  wrappers 
than  the  plants  grown  in  the  open.  This  fact  led  to  the  erection  of 
an  artificial  shade  over  the  fields,  made  of  slats  laid  on  a  suitable 
framework.  This  method  of  growing  tobacco  was  introduced  about 
1896  by  Mr.  D.  A.  Shaw,  of  Quincy,  Fla.    Later,  other  growers 
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used  a  coarse  cheese  cloth  as  a  substitute  for  the  slats.  The  shade 
method  of  growing  tobacco  in  this  region  has  developed  rapidly, 
and  at  the  present  time  several  thousands  of  acres  of  tobacco  are 
grown  under  either  slat  or  cloth  shade,  and  the  industry  has  become 
established  on  a  profitable  and  successful  basis.  During  this  time 
considerable  attention  has  been  paid  to  the  production  of  a  unifonn 
type  of  tobacco  adapted  to  the  climatic  and  soil  conditions  of  this 
section  by  the  saving  of  seed  from  carefully  selected  plants  of  the 
Sumatra  variety. 

When  Sumatra  seed  was  first  introduced  into  Florida  the  varietv 
broke  up  into  a  number  of  different  types,  some  of  which  were  de- 
sirable, while  others  were  undesirable.  By  reason  of  the  small  crops 
grown  from  such  seed,  the  loss  to  the  growers  from  the  production 
of  undesirable  types  of  plants  was  not  very  great.  The  growers 
naturally  saved  for  seed  those  plants  which  produced  the  most  de- 
sirable types  of  tobacco,  and  as  a  result  of  continued  selection  of 
this  kind  a  fairly  uniform  type  of  tobacco  which  was  adapted  to 
the  local  conditions  in  this  section  was  secured.  As  the  demand  for 
this  Florida-grown  Sumatra  tobacco  developed,  resulting  in  in- 
creased acreages,  seed  was  at  hand  which  was  thoroly  acclimatized 
for  planting  the  larger  area  devoted  to  this  crop.  From  time  to 
time  the  tobacco  planters  in  this  region  have  obtained  small  quanti- 
ties of  seed  from  Sumatra,  but  in  such  cases  this  seed  has  been 
grown  in  a  very  limited  way  in  very  small  fields  until  it  has  been 
acclimatized  and  uniform  types  have  been  secured  by  seed  selection. 

About  the  time  of  the  Cuban  revolution  it  became  apparent  that 
the  supply  of  Cuban-grown  tobacco  for  the  use  of  cigar  manufac- 
turers in  the  United  States  might  become  limited  by  reason  of  the 
unfavorable  conditions  for  tobacco  growing  then  prevailing  in  Cuba. 
Under  these  circumstances  it  was  thought  to  be  a  propitious  time 
to  introduce  the  growing  of  Cuban  tobacco  into  southern  Florida, 
where  the  conditions  of  climate  and  soil  were  believed  to  be  similar 
to  those  of  Cuba.  Considerable  public  interest  was  aroused  in  this 
project,  and  as  a  result  large  quantities  of  Cuban-grown  seed  were 
secured  and  planted  in  certain  sections  of  Florida.  The  crops  raised 
from  this  seed  proved  to  be  a  disappointment  to  the  growers.  The 
change  of  soil  and  climatic  conditions  rasulted  in  the  breaking  up 
of  the  type  of  the  Cuban  variety  into  a  large  number  of  sorts,  some 
of  which  were  desirable,  while  others  were  undesirable.  Many  of 
the  plants  developed  a  branching  habit  of  growth,  bearing  very 
small,  undesirable  leaves  of  poor  quality,  resulting  in  a  very  low 
yield  of  an  inferior  tobacco.  One  of  the  main  causes  of  failure 
was  the  lack  of  understanding  on  the  part  of  the  growers  of  the 
effect  of  the  change  of  conditions  on  the  type  of  tobacco  and  their 
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neglect  to  appreciate  the  necessity  of  securing  strains  of  plants  by 
seed  selection  of  the  desirable  types  adapted  to  the  particular  con- 
ditions of  soil  and  climate  in  southern  Florida.  If  the  acclimatiza- 
tion of  these  strains  had  been  accomplished  by  seed  selection  in 
small  fields,  with  little  loss  to  the  growers,  the  strains  could  have 
been  grown  on  a  more  extensive  scale  with  better  chances  of  success. 

In  order  to  illustrate  the  necessity  for  the  acclimatization  of  a 
variety  of  tobacco  before  it  is  grown  on  an  extensive  scale,  the 
successful  experiments  of  the  Bureau  of  Soils  in  the  introduction  of 
Cuban  tobacco  in  Texas  may  be  cited.  After  a  previous  unsuccess- 
ful attempt  by  farmers  in  Texas  to  grow  Cuban  tobacco  from 
freshly  imported  Cuban  seed  the  Bureau  of  Soils  began  systematic 
experiments  in  growing  small  fields  of  tobacco  and  saving  the 
seed  of  the  most  desirable  plants  according  to  the  method  described 
in  this  bulletin.  In  these  crops  certain  plants  were  found  which 
produced  leaves  possessing  the  flavor  and  aroma  desired  in  a  high- 
grade  filler  tobacco.  The  seeds  from  these  plants  were  saved  under 
bag,  and  their  product  has  been  found  to  possess  the  desirable  char- 
acters of  the  parent  plants.  This  tobacco  has  been  sold  at  profitable 
prices,  and  the  area  devoted  to  the  growing  of  this  crop  is  being 
gradually  extended  in  order  to  meet  the  demands  of  the  manufac- 
turers for  this  grade  of  filler  tobacco.  In  northern  Florida  the 
tobacco  growers,  as  a  result  of  their  experience  with  the  imported 
Sumatra  seed,  experimented  in  growing,  in  the  open,  small  fields  of  a 
cigar  filler  tobacco  of  a  variety  the  seed  of  which  was  originally 
introduced  from  Cuba.  This  variety  of  Florida  filler  tobacco  is 
now  being  grown  extensively  and  profitably  in  that  section. 

The  best  illustration  of  the  effect  of  a  change  of  climatic  and 
soil  conditions  upon  the  character  of  a  variety  of  tobacco  is  found 
in  the  experience  of  tobacco  growers  in  the  Connecticut  Valley  in 
the  planting  of  Florida-grown  Sumatra  seed  and  seed  of  the 
Sumatra  variety  imported  from  the  island  of  Sumatra.  As  dk- 
cust  in  an  article  upon  the  improvement  of  tobacco  by  breeding 
and  seed  selection  in  the  Yearbook  of  the  Department  of  Agriculture 
for  1904,**  tobacco  growers  in  the  Connecticut  Valley  in  the  seasons 
of  1901  and  1902  grew  extensive  crops  from  seed  introduced  from, 
Florida  and  Sumatra.  In  a  careful  examination  of  these  fields  it 
w^as  found  that  the  change  in  conditions  had  resulted  in  the  breaking 
up  of  the  type  of  the  variety,  so  that  several  distinct  types  of  tobaco) 
w^ere  found  growing  in  the  same  fields.  Some  of  these  types  of 
plants  produced  well-rounded  leaves,  with  fine  venation  and  the 
elasticity,  strength,  gloss,  gi'ain,  and  other  characters  necessary  in 

a  Shamel,  A.  D.    Yearbook  of  the  Department  of  Agriculture,  1004,  pp.  435-452. 
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a  high-grade  cigar  wrapper  tobacco.     However,  many  of  the  types 
of   plants   produced   long,   narrow,   coarse,   pointed   leaves,   wholly 
unsuited  for  cigar  wrapper  manufacture.     In  the  case  of  another 
inferior  type  it  was  found  that  the  leaves  would  not  burn,  altho 
the  remaining  characters  were  those  of  a.  desirable  grade  of  tobacco. 
It  was  impossible  to  sort  out  this  type,  even  by  tlie  most  careful 
inspection  of  the  crop,  and,  as  a  result,  when  the  manufacturers 
wrapt  cigars  with  leaves  of  this  type  and  found  that  the  wrapper 
would   not  burn,   the  quality   of  the  entire  crop  was  condenmed. 
Certain  other  types  of  plants  produced  leaves  of  such  thin  texture 
or  light  body  that  when  wrapt  on  cigars  and  allowed  to  dry  out  the 
wrapper  frequently  broke,  or  when 
the  consumer  carried  the  cigars  in 
his  pocket  the  wrappers  were  easily 
injured. 

One  of  the  most  striking  types  of 
plants  produced  in  the  crops  grown 
from  this  imported  seed  was  the 
Belgian  type,  an  illustration  of 
which  is  shown  in  figure  1.  In  this 
case  the  plants  bore  leaves  measur- 
ing from  30  to  40  inches  long  and 
only  from  5  to  10  inches  wide. 
These  leaves,  as  shown  in  figure  2, 
were  very  pointed  in  shape,  with 
coarse,   angular   veins,   and   as   the 

cured  tobacco  lacked  the  appearance     fig.  i.-BtiKiHi.  i>p«  of  Connecticut  suma- 
necessarv   for  a   cigar-wrapper   to-        J™  '"'«™'  p|'"'-  '''|>'**  mng.  nanow 

.^  '^^  iFBVeBWlth  oblique  veins,  coarse  leitnre. 

baCCO     its     production     was     a     total  bum  very  poorly,  and  after  curing  light 

loss  to  the  growers.     The  variation        f™"  "'"^  "*  almost  absolutely  worth- 

"  .  lessforcigar-wrapperpurposes.    Thlstypc 

in   type   was  accompanied   by  dmer-  appesred  moroia  grown  m  IhtConnti^tl- 

ences  in  time  of  maturity,"  so  that  ^j™'^*^  '"■"  *''°"<''«'°""  ^"°'"™ 
the  cost  of  the  growing  and  har- 
vesting of  these  crops  was  greater  than  in  the  case  of  uniform 
crops.  The  mixture  of  types  was  accompanied  by  great  variation  as 
regards  the  individual  plants  of  each  type.  In  many  cases  plants 
bearing  25  leaves  were  found  growing  by  the  side  of  plants  pro- 
ducing 10  leaves.  Marked  variations  in  size  and  shape  of  leaves 
and  in  the  number  of  suckers  borne  by  the  individual  phmts  were 
observed;  and  as  a  result  it  was  found  that  the  comparatively  small 
number  of  desirable  types  could  not  make  up  for  the  loss  in  the  pro- 
duction of  undesirable  and  worthless  grades  of  tobacco.  As  a  nat- 
ural consequence  of  this  condition  the  extensive  culture  of  this  vari- 
ety of  tobacco  from  imported  seed  has  been  abandoned,  and  the  grow- 
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ers  now  have  small  fields  and  are  selecting  those  plants  producing 
the  most  desirable  gi-ade  of  cigar-wrapper  tobacco  with  a  view  to 
securing  strains  which  are  adapted  to  the  conditions  of  the  Connecti- 
cut Valley.  In  the  experimental  fields  of  the  Bureau  of  Plant  Indus- 
trj',  covered  with  cloth  shade,  where  seetl  of  de- 
sirable plants  has  been  saved  under  bag  for  three 
seasons,  uniform  strains,  which  are  absolutelj 
free  from  the  unusual  or  distinct  types  observed 
in  the  fields  from  which  the  original  selections 
of  seed  were  made,  have  been  produced. 

A  few  of  the  growers  of  the  Sumatra  variety 
in  the  Connecticut  Valley  introduced  Cuban- 
grown  seed  and  used  it  for  planting  their  general 
crops.  In  these  fields  the  breaking  up  in  tvpe 
was  not  so  noticeable  as  in  the  case  of  the  Suma- 
tra variety,  but  the  effect  of  change  of  conditions 
in  the  variety  was  shown  in  the  production  of 
so  -  called  freak  plants.  These  plants  had  > 
branching,  or  suckering,  habit  of  growth,  bearing 
very  small,  sharply  pointed,  coarse  leaves  that 
were  worthless  for  cigar-wrapper  purposes,  la 
a  careful  study  of  the  plants  in  these  fields  it  was 
found  that  at  least  one-third  of  the  entire  crop 
consisted  of  these  freak  plants. 

In  one  of  these  fields  the  writers  made  selec- 
tions of  seed  plants  of  the  most  desired  type, 
bearing  the  size,  shape,  and  general  character  of 
leaves  adapted  for  cigar  wrappers.  This  s*ed 
was  saved  under  bag,  and  a  similar  plan  h»s 
been  followed  up  to  the  present  time. 

In  Plate  I,  figure  1,  the  original  crop  raised 
from  freshly  imported  seed  from  which  the  seed 
selections  were  made  is  shown.  In  Plate  I. 
figure  2,  is  shown  a  crop  grown  on  the  same  field 
after  two  generations  during  which  the  seed  va^ 
saved  under  bag.  As  can  be  seen  from  the 
illustrations,  this  method  of  seed  selection  and 
bagging  has  produced  a  uniform  type  of  to- 
""'^*"'  bacco    without    the    freaks   and    other    undesir- 

able types  of  the  original  crop.  It  is  fortunate  that  on  this  farm 
the  planter  saved  seed  in  the  open  for  his  own  use  from  the  same 
field.  The  crop  grown  from  such  seed  was  visited  during  the  season 
of  1905  by  the  writers,  in  company  with  Dr.  H.  J.  Webber  and  several 
tobacco  growers,  and  was  found  to  contain  a  large  proportion  of 
freaks;  in  fact,  about  the  same  proportion  as  the  crop  grown  frMO 


Fio.  2.— Typical  leal 

Belginn  type  of  tobac 
Bhowlng  the  charact 


thii  variety  which  m 
wholly  unsuited  for  c 
gac-wrnpper  monufa 

sucli  typ*«  ol  leBves  r 
duces  the  value  ol  tt 

to  (he  repulalioii  ol  tt 


STRUCTURE   AND   ARRANGEMENT   OF    FLOWERS.  17 

freshly  imported  seed.  In  other  words,  the  seed  saved  under  bag  pro- 
duced uniform  strains  adapted  to  soil  and  climatic  conditions  in  this 
section,  while  seed  saved  in  the  open  and  subject  to  cross-feKilization 
with  freaks  and  other  undesirable  types  produced  about  the  name  pro- 
portion of  freak  plants  as  the  crops  grown  from  the  freshly  imported 
seeci* 

The  writers  during  the  past  season  planted  in  Florida  Connecticut- 
grown  seed  of  the  Sumatra  variety.  It  was  found  that  while  there 
was  a  noticeable  change  in  the  shape  of  leaf  and  in  some  minor  char- 
acters in  the  Florida-grown  tobacco,  there  was  no  violent  breaking 
up  of  type  or  indication  of  unusual  variability.  This  experiment 
and  other  observations  iiave  led  the  writers  to  believe  that  the  effect 
of  changing  seed  from  the  north  to  the  south  is  not  accompanied  by 
such  marked  changes  as  when  seed  is  taken  from  tropical  conditions 
to  northern  latitudes. 

In  summing  up  the  observations  on  this  subject  it  can  safely  be 
said  that  it  is  a  dangerous  policy  to  plant  large  crops  of  tobacco 
with  imported  seed  or  with  seed  from  a  very  different  section.  In 
most  cases  it  has  resulted  in  failure  and  caused  considerable  loss  to 
the  growers.  The  general  crops  should  be  planted  from  seed  pro- 
duced under  the  same  conditions  as  the  crop  which  is  to  be  grown.  If 
it  is  necessary  to  change  the  seed  or  desirable  to  test  imported  vari- 
eties, it  should  be  done  on  a  small  scale,  followed  by  a  most  careful 
selection  of  seed  plants,  and  the  seed  should  be  saved  under  bag,  safe 
from  cross-fertilization. 

THE  STBTJCTTJBE  AND  ABRAKGEMENT  OF  FLOWEBS. 

A  careful  studv  of  the  tobacco  flower  is  one  of  the  most  essential 
factors  in  the  beginning  of  tobacco  breeding.  Successful  results, 
particularly  in  the  production  of  new  varieties,  can  seldom  be  ob- 
tained until  one  becomes  familiar  with  the  structure  of  the  parts  of 
the  flower  and  the  manner  in  which  these  parts  perform  their  sev- 
eral fimctions.  A  full  realization  of  the  ease  with  which  crossing 
takes  place  can  only  be  obtained  in  this  way,  and,  as  has  been  pre- 
viously stated,  the  prevention  of  promiscuous  cross-pollination  is 
of  first  importance  in  the  production  of  a  desirable  and  uniform  type 
of  tobacco. 

The  tobacco  flowers  are  arranged  upon  a  branching  determinate 
flower  head,  which  appears  when  the  middle  leaves  are  about  half 
grown  and  continues  to  develop  and  produce  new  flowers  during  the 
rest  of  the  life  of  the  plant.  Figure  3  is  a  diagrammatic  sketch  of 
a  tobacco  flower,  showing  the  parts  of  the  flower  and  the  general  way 
in  which  pollination  takes  place.  The  calyx  (a)  is  the  outer,  green, 
five-parted,  floral  envelop  at  the  base  of  the  flower  which  serves  to 
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protect  the  flower  in  the  bud.  The  corolla  (J)  is  the  delicately 
colored  floral  envelop  inclosing  the  reproductive  organs  of  the  flower. 
Its  color  tends  to  attract  insects,  which  are  the  principal  agents  ir 
cross- pollination.  Next  inside  the  corolla  are  the  Are  stamens,  \thioh 
are  the  male  reproductive  organs  of  the  flower.  Each  stamen  consists 
of  the  filament  (i),  supporting  the  anther  (/)  in  which  the  pollen 
grains  (k)  are  produced.  The  central  organ  is  the  pistil,  or  female 
part  of  the  flower.  The  terminal  enlarged  portion  (g)  is  the  stigma. 
The  pollen  grains  (k)  adhere  to  the 
*  surface  of  the  stigma  (g)   and  germi- 

nate, sending  an  extremely  minute  tubf 
(I)  down  thru  the  central  conductive 
tissue  (k)  of  the  style  (f).  This  tube 
extends  into  the  cavity  of  the  ovary  (</ ) 
and  finds  its  way  into  the  ovule  (a) 
thru  a  small  duct  or  micropyle  (m), 
where  fertilization  takes  place.  Other 
ovules  (e)  are  fertilized  by  other  pollen 
tubes.  These  ovules  develop  into  seeds 
after  fertilization.  The  ovary  is  two- 
celled,  with  a  fleshy  central  placenta 
(e)  on  which  the  ovules  are  borne.  The 
early  capsules  mature  always  before 
flowering  ceases.  The  shape  of  the  deli- 
cately colored  corolla  is  somewhat  tubu- 
lar, or,  perhaps,  more  nearly  like  an 
elongated  funnel.  It  is  comparatively 
small  from  the  basal  end  to  a  point 
about  two-thirds  the  distance  to  the  ter- 
,  minal  end  of  the  flower.  At  this  point 
it  enlarges  suddenly  to  more  than  twice 
the  size  of  the  basal  part  of  the  tube 
(fig.  3>.     It  is  composed  of  5  petals 

Fio.  a.-Dlagniinniiilk  sLetch  ol  tobaeoo     whlch  COalcSCe  tO  fotm  the  COFolla  tube. 

and  separate  only  at  the  extreme  end. 
The  tobacco  flower  is  symmetrical.  The  number  of  sepals  and 
stamens  is  always  the  same  as  the  number  of  petals,  but  these  floral 
circles  do  not  remain  constant,  varying  rather  indefinitely  in  different 
strains  and  even  among  individuals  of  the  same  strain.  Trimemus 
flowers,  or  flowers  with  throe  parts  in  each  flower  circle,  have  been 
found  growing  on  the  same  plants  with  pentamerous  flowers,  or 
those  having  five  floral  parts.  This  is  the  exception,  however,  and 
not  the  rule. 

The  tobacco  flower  is  naturally  self-fertile,  and  plants  grown  from 
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self-fertilized  seed  are  always  stronger  and  more  vigorous  than  those 
from  cross-pollinated  seed  when  the  crossing  is  within  the  variety. 
In  Sprengel's  discourse  on  the  cross  and  self  pollination  of  plants 
the  statement  is  found  that  "  nature  seems  to  have  wished  that  no 
flower  should  be  fertilized  by  its  own  pollen."  Later,  Darwin  stated 
that  "  nature  abhors  perpetual  self-fertilization,"  but,  unlike  Spren- 
gel,  recorded  a  number  of  exceptions  to  this  rule,  and  tobacco  was 
among  them.  The  experiments  of  the  writers  conclusively  substan- 
tiate the  findings  of  Darwin  in  this  connection.  They  have  found 
self-pollination  in  the  case  of  tobacco  to  be  most  desirable  in  all  cases. 

A  very  interesting  phenomenon  of  growth  takes  place  in  the  fila- 
ments of  the  stamens  immediately  after  the  opening  of  the  flowers, 
which  can  be  taken*  as  aji  evidence  of  the  natural  self- fertilizing 
habits  of  the  plants.  An  examination  of  the  flower  just  previous  to 
the  time  of  opening  will  reveal  the  fact  that  the  pistil  is  longer  and 
extends  up  beyond  the  stamens,  but  when  the  anthers  open  and  the 
stigma  becomes  receptive  a  very  rapid  growth  of  the  filaments  takes. 
place,  which  causes  the  open  pollen  sacks  to  be  pushed  up  past  the 
stigma,  and  in  almost  all  cases  they  come  in  direct  contact  with  the 
stigma  in  passing  upward.  This  gives  an  opportunity  for  at  least 
a  portion  of  the  pollen  grains  to  adhere  to  the  viscous  surface  of  the 
stigma  and  for  self-fertilization  to  take  place,  as  shown  in  figure  3. 
It  is  just  before  this  process  occurs  or  while  it  is  in  progress  that 
there  is  danger  of,  or  opportunity  for,  cross-pollination.  The  open 
flower  contains  a  small  drop  of  nectar  at  the  base  of  the  corolla  tube, 
which  is  sought  by  honeybees,  bumblebees,  and  humming  birds,  as 
ijvell  as  by  many  species  of  minute  insects,  all  of  which  carry  pollen 
from  flower  to  flower  and  from  plant  to  plant  in  their  constant  search 
for  the  honey-like  substance  secreted  in  the  corolla  tube.  In  passing 
in  and  out  of  the  flowers  the  bodies  of  the  bees  and  other  insects  and 
the  beaks  of  the  humming  birds  become  dusted  with  pollen,  which  is 
transported  by  them  to  the  pistils  of  the  next  flower  visited.  The 
ovules  are  as  readily  fertilized  by  pollen  from  the  surrounding 
plants  as  by  the  pollen  from  the  flower  in  which  they  are  produced. 
This  continuous  crossing  necessarily  results  in  the  introduction  and 
intermixture  of  poor  and  undesirable  varieties  in  our  best  strains  of 
tobacco. 

The  observations  of  the  writers  plainly  show  the  absolute  necessity 
for  protecting  the  flowers  of  the  seed  plants  from  cross-pollination. 
Careful  experiments  have  demonstrated  that  in  many  instances  the 
stigma  of  the  tobacco  flower  remains  in  a  receptive  condition  for 
three  or  four  days.  This  condition  results  in  a  twofold  disadvantage 
when  no  protection  is  used  against  cross-pollination.  In  the  first 
place,  it  affords  abundant  time  and  opportunity   for  complicated 
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crossing,  for  each  flower  is  visited  many  times  a  day  by  various  in- 
sects and  often  by  humming  birds ;  and,  secondly,  it  brings  about  con- 
ditions favorable  for  the  production  of  seed  of  weak  vitality.  Pre- 
vious experimenters  have  pointed  out  the  fact  that  the  best  seed  is  noi 
produced  as  a  result  of  premature  or  late  pollination,  either  of  which 
is  likely  to  occur  in  the  case  of  tobacco  flowers  under  natural  con- 
ditions. A\Tien  fertilized  only  by  pollen  of  the  same  flower,  the 
pollination  takes  place  at  exactly  the  right  time,  or  when  the  stamens 
push  past  the  receptive  stigma,  which  results  in  the  production  of  a 
superior  grade  of  seed. 

The  readiness  with  which  tobacco  flowers  can  be  cross-fertilized 
greatly  facilitates  the  opportunity  for  producing  new  and  valuable 

varieties  bv  artificial  cross- 
ing.  In  the  course  of  the 
experiments  here  recorded 
it  has  been  found  per- 
fectly possible  to  combine 
certain  desirable  qualities 
found  in  different  strains 
and  at  the  same  time  to 
eliminate  some  of  the  un- 
desirable characters  by  pro- 
ducing hybrids  between 
strains  of  tobacco. 

The  method  of  crass-pol- 
lination used  in  the  experi- 
ments of  the  writers  is  to 
remove  all  capsules,  open 
flowers,  and  flower  buds 
from  the  flower  head  ex- 
cept those  which  are  in  the 
proper  stage  of  develop- 
ment to  open  within  the  following  twelve  or  fifteen  hours.  In 
l^reparing  these  remaining  flowers  they  must  be  carefully  opened 
and  emasculated  by  the  use  of  a  scalpel,  small  scissors,  and  a  fine  pair 
of  forceps,  as  illustrated  in  figure  4.  Great  care  must  be  taken  in  re- 
moving the  anthers  before  they  have  dehisced,  in  order  to  avoid 
injury  to  the  stigma.  The  emasculation  should  be  done  in  the  after- 
noon, after  which  all  of  the  flowers  must  be  carefully  covere<l  with  a 
thin  paper  bag  as  a  protection  against  insects  or  other  agencies 
whereby  pollen  might  be  transferred  to  them.  In  the  forenoon  of 
the  following  day  the  emasculated  flowers  should  be  ready  for  polli- 
nation, but  the  exact  time  for  applying  the  pollen  must  be  detennined 
in  the  case  of  each  individual  flower  by  the  appearance  of  the  \'iscid, 
sticky  fluid  on  the  surface  of  the  stigma.    The  pollen  from  the  male 
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Fig.  4.— Three  tobacco  flowers  at  proper  stage  for  emascu- 
lation, and  the  scissors  and  forceps  used  in  emasculat- 
ing flowers.  The  corolla  of  the  central  flower  has  been 
opened  in  order  that  the  anthers  may  be  conveniently 
removed.  The  flower  on  the  left  has  been  emasculated 
preparatory  to  cross-pollination. 
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parent  plant  can  be  best  applied  to  the  stignia  of  the  female  with  the 
point  of  a  scalpel  or  other  sharp  instrument.  ^Vhen  applied  with  a 
brush  there  is  danger  of  some  of  the  pollen  grains  adhering  to  the 
hairs  of  the  brush  after  each  operation,  resulting  in  considerable 
mixture  of  pollen,  but  where  the  scalpel  is  used  there  is  no  difficulty 
in  removing  all  the  pollen  after  each  operation.  The  paper  bag 
must  be  replaced  over  the  flowers  as  soon  as  they  have  been  pol- 
linated, and  must  be  allowed  to  remain  until  the  seeds  have  set  and 
all  danger  of  crossing  has  past. 

In  crossing  it  is  not  essential  that  both  of  the  parent  varieties  be 
grown  in  the  same  community.  Pollen  from  tobacco  flowers  when 
thoroly  dry  will  keep  for  several  weeks  or  longer  without  deteriora- 
tion. The  writers  have  sent  pollen  thru  the  mails  a  distance  of  more 
than  a  thousand  miles  with  perfectly  satisfactory  results.  \\Tien 
not  intended  for  inmiediate  use,  it  should  be  harvested  when  perfectly 
dry  and  carefully  taken  off  the  anthers  after  they  have  dehisced 
and  become  dried  out.  These  dry  anthers  may  be  put  in  small 
vials,  and  the  pollen  kept  long  enough  for  all  practical  purposes, 
provided  the  vials  are  carefully  corked  and  kept  dry. 

The  large  number  of  seed  produced  in  a  single  pod  and  on  a  single 
plant  makes  it  possible  to  obtain  definite  results  from  selection  or 
hybridization  in  tobacco  much  more  quickly  than  in  the  case  of  most 
other  plants.  Careful  counts  show  that  from  4,000  to  8,000  seeds  are 
produced  in  a  single  pod  of  normal  size,  and  an  estimate  of  the  aver- 
age number  of  pods  on  each  plant  shows  that  the  ordinary  tobacco 
plant  produces  from  500,000  to  1,000,000  seeds.  In  many  cases  the 
writers  have  secured  from  1  to  1^  ounces  of  seed  from  a  single  plant 
when  the  seed  has  been  saved  under  bag  according  to  the  method  out- 
lined in  this  bulletin.  This  large  number  of  seeds  gives  an  excellent 
opportunity  for  testing  each  selection  or  cross  on  a  large  scale.  The 
quantity  of  seed  produced  varies  inversely  with  the  number  and  size 
of  leaves  on  the  plant.  The  production  of  a  large  number  of  good- 
sized  leaves  is  almost  invariably  accompanied  by  the  production  of  a 
small  quantity  of  seed. 

On  account  of  the  large  quantity  of  seed  produced  by  a  single 
plant  under  normal  conditions  and  the  fact  that  the  various  charac- 
ters of  a  tobacco  plant  are  inherited  so  strikingly  and  uniformly  by 
its  progeny  the  following  year  when  the  seed  is  saved  under  bag,  pro- 
tected from  cross-fertilization,  it  is  possible  for  the  tobacco  grower 
to  secure  uniformity  with  a  considerable  degree  of  improvement  in 
type,' quality,  and  yield  by  one  year's  selection.  One  plant  often  fur- 
nishes enough  seed  for  an  entire  crop,  and  the  plants  raised  from  this 
seed  always  produce  a  very  uniform  lot  of  tobacco  when  cross-fertili- 
zation is  not  allowed  to  take  place. 
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THE  NECESSITY  FOB  INBREEDING. 

In  the  season  of  1903  the  writers,  in  company  with  Dr.  H.  J.  Web- 
ber, visited  the  tobacco  fields  of  the  Connecticut  Valley  in  response  to 
a  request  of  the  growers  for  assistance  in  the  production  of  uniform 
strains  of  tobacco  by  breeding  and  seed  selection.  During  the  surrey 
of  this  region  with  a  view  to  gaining  an  idea  of  the  variability  of  the 
varieties  of  tobacco,  it  was  determined  to  inaugurate  a  series  of  ex- 
periments in  a  practical  way  for  the  investigation  of  the  methods  of 
saving  seed. 

In  view  of  the  results  of  the  investigations  of  Darwin  and  others 
on  the  comparative  vigor  of  growth,  seed  production,  and  other  char- 
acters of  tobacco  plants  raised  from  seed  obtained  by  cross  and  by  self 
fertilization  "  the  seed  of  select  plants  of  the  different  types  of  tobacco 
was  protected  from  cross-fertilization  by  inclosing  the  flower  heads 
with  a  light  but  strong  form  of  paper  bag.  Other  seed  plants  wer? 
saved  without  such  protection,  as  is  ordinarily  done  by  the  tobacco 
growers.  The  seed  harvested  from  these  seed  plants  was  saved  sepa- 
rately, stored  in  small  glass  vials  adapted  to  this  purpose,  and  labeled 
according  to  the  system  now  in  use  by  the  breeders  in  the  plant  breed- 
ing investigations  of  the  United  States  Department  of  Agriculture. 
The  record  of  the  number  of  leaves,  size,  thickness,  shape,  and  color  of 
leaves,  number  of  suckers,  height  of  plant,  habit  of  growth  of  leaves 
and  plants,  time  of  maturity  of  leaves  and  seed,  and  other  characters 
was  kept  according  to  the  sj^stem  used  by  Doctor  Webber,  modified 
by  the  writers  for  use  in  keeping  a  pedigree  of  tobacco  varieties. 
]  The  seed  of  the  plants  finally  selected  for  experimental  purposes 
was  sown  in  ordinary  seed  beds,  separated  into  many  small  sections 
by  thin  board  partitions,  each  of  which  was  capable  of  holding  500 
seedlings.  The  seedlings  from  these  separate  seed-bed  plats  were 
transplanted  to  separate  rows  or  plats  in  the  experimental  field,  each 
row  or  plat  being  carefully  labeled  so  that  the  plants  could  be  traced 
directly  back  to  the  original  seed  plants.  The  manuring,  or  fertili- 
zation, and  preparation  of  the  soil  in  the  experimental  field  and  the 
transplanting,  cultivation,  and  harvesting  of  the  plants  were  all 
conducted  with  the  greatest  possible  care  to  give  all  of  the  rows  or 
plats  equal  opportunity  for  growth.  For  instance,  the  seed  of  all  of 
the  plants  of  a  variety  was  sown  the  same  day,  and  at  the  proper 
time  the  seedlings  of  this  variety  were  all  transplanted  the  same  day. 
At  the  time  of  harvest  the  leaves  of  the  individual  rows  or  plats  were 
primed  or  the  plants  cut  on  the  same  day,  and  the  leaves  or  plants 
were  hung  in  the  curing  shed,  so  as  to  get  as  nearly  uniform  condi- 

a  Darwin,  Charles.  Cross  and  Self  Fertilization  in  the  Y^^table  Kingdom, 
pp.  203-215. 
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tions  for  curing  as  were  consistent  with  the  practical  handling  of  the 
crop.  The  leaves  of  plants  selected  for  seed  were  harvested  sepa- 
rately and  labeled  so  that  the  product  of  each  plant  could  be  intelli- 
gently used  in  comparative  tests  of  the  cured  and  fermented  crop. 
This  labeling  process  involved  considerable  extra  work  and  attention 
in  the  field,  curing  sheds,  and  warehouses,  but  was  absolutely  neces- 
sary for  a  definite  selection  of  seed  plants  for  the  next  season's  use, 
based  on  the  character  of  the  fermented  tobacco. 

The  rows  or  plats  of  plants  grown  from  seed  of  individual  plants 
saved  under  bag,  i.  e.,  self-fertilized  seed,  showed  remarkable  uni- 
formity in  type,  size,  shape,  and  appearance  of  leaves,  habit  of 
growth,  and  all  other  characters,  and  conformed  closely  to  the  type 
of  the  parent  plants  from  which  the  seed  was  saved. 

Plate  II,  figure  1,  shows  a  type  of  parent  plant  and  Plate  II, 
figure  2,  the  progeny  of  this  plant,  raised  from  self-fertilized  seed. 
From  this  illustration  it  can  be  seen  that  the  transmitting  power  of 
tobacco  is  most  strongly  marked  and  the  progeny  of  plants  raised 
from  inbred  seed  remarkably  uniform  in  all  characters,  every  plant 
closely  resembling  the  parents.  In  the  hundreds  of  tests  of  this  char- 
acter which  have  been  carried  on  by  the  w^riters  during  the  past  three 
seasons,  not  only  in  the  Connecticut  Valley  but  in  Maryland  and 
Florida,  the  benefits  to  be  derived  from  using  inbred  tobacco  seed 
have  been  confirmed  and  emphasized.  It  is  true  that  some  plants 
have  the  power  of  transmitting  their- characters  to  their  progeny 
more  strongly  than  others,  but  on  the  whole  every  case  under  obser- 
vation has  offered  additional  evidence  of  the  value  of  the  practise  of 
saving  tobacco  seed  under  bag,  free  from  possible  cross- fertilization. 

The  continued  saving  of  self-fertilized  seed  for  three  seasons 
has  furnished  no  evidence  of  a  decrease  in  the  rate  of  growth  or 
constitutional  vigor  of  tobacco  plants  as  a  result  of  this  practise. 
On  the  other  hand,  by  reason  of  the  selection  of  the  best  plants  in 
the  different  varieties  every  season  there  has  been  a  marked  increase 
in  the  productiveness  and  the  general  vigor  of  constitution  of  the 
varieties  under  consideration.  This  conclusion  is  emphasized  by  the 
vigorous  and  productive  strains  of  Connecticut  tobacco  shown  in 
Plate  III. 

Self-fertilization  is  the  closest  possible  degree  of  inbreeding,  and 
it  is  the  general  impression  that  this  practise  is  usually  associated 
with  a  loss  of  vigor  of  growth,  with  a  predisposition  to  disease,  and 
other  undesirable  results.  In  tobacco,  so  far  as  our  experience  goes, 
this  does  not  happen,  and  the  exact  opposite  of  this  condition  obtains, 
viz,  that  inbreeding  is  beneficial  to  the  general  development  of  the 
variety. 

It  is  unfortunate  that  it  is  impossible  to  present  tabular  data  at 
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the  present  time  showing  the  behavior  of  plants  raised  from  arti- 
ficially cross-fertilized  seed  within  the  variety  in  comparison  with 
plants  raised  from  self-fertilized  seed.  The  principal  object  of  this 
work  has  been  the  achievement  of  practical  resjilts,  so  that  the 
opportunity  for  scientific  observations  and  experiments  has  been 
necessarily  limited.  However,  the  writers  have  had  the  privilege 
of  making  careful  observations  on  the  results  of  saving  seed  from 
plants  grown  under  large  field  tents  and  comparing  the  plant-s  raised 
from  such  seed  with  the  plants  raised  from  self-fertilized  seed. 
Under  these  tents  there  is  little  opportunity  for  cross-fertilization 
with  other  varieties,  except  thru  the  small  doors  opening  into  these 
tents,  which  are  kept  closed  all  of  the  time  when  persons  or  teams 
are  not  actually  passing  thru  them,  so  that  there  is  little  likelihood 
of  bees  or  other  insects  pagsmg  in  and  out.  The  probability  is  that 
the  cross-fertilization  that  takes  place  is  wholly  between  the  plants 
saved  for  seed  in  these  tents  or  with  other  plants  under  these  shades 
that  are  in  bloom  at  the  proper  time  for  cross-pollination. 

The  comparison  of  the  plants  raised  from  seed  saved  under  these 
field  tents  and  exposed  to  cross-fertilization  with  the  surrounding 
plants  and  of  plants  of  the  same  variety  raised  from  seed  protected 
from  cross-fertilization  by  paper  bags  shows  that  self-fertilized 
seed  produces  more  uniform,  vigorous,  and  productive  plants  than 
the  open- fertilized  seed,  which  is  to  a  greater  or  less  extent  cross-fer- 
tilized between  plants  of  the  same  variety. 

It  appears  that  the  cross- fertilization  of  tobacco  seed,  even  tho  it 
occurs  between  good  individuals,  has  a  tendency  to  seriously  break 
up  the  type.  Along  with  the  variability  of  type  induced  by  cross- 
fertilization,  it  frequently  happens  that  many  freak  plants  resembling 
the  wild  species  appear;  these  can  only  be  explained  with  our  present 
knowledge  of  the  subject  as  reversions.  Such  freak  plants  are  not 
usable  for  profitable  manufacture,  and  consequently  are  a  source  of 
loss  to  the  growers. 

The  size  and  weight  of  seed  from  the  inbred  plants  are  equal  to 
and  in  most  cases  greater  than  the  seed  saved  from  open-fertilized 
plants.  In  a  series  of  comparative  tests  of  the  two  kinds  of  seed 
in  the  case  of  four  varieties  grown  in  the  Connecticut  Valley  it  was 
found  that  the  inbred  seed  was  heavier  and  larger  than  the  cross- 
fertilized  seed.  The  total  quantity  of  seed  harvested  from  the 
open-fertilized  plants  usually  exceeded  that  of  the  inbred  plants. 
This  was  due  to  the  fact  that  in  the  case  of  the  inbred  plants  more 
of  the  seed-boaring  branches  were  removed  than  where  the  plants 
were  allowed  to  set  seed  under  natural  conditions,  in  order  to  adapt 
the  seed  head  for  the  best  possible  development  under  the  paper 
bags.     Where   an   equal   number  of  seed   pods  was   examined   for 
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yield  of  seed  the  inbred  seed  equaled  or  exceeded  in  quantity  the 
cross-fertilized  seed  in  the  variety.  In  the  case  of  hybrids  or  in 
the  crossing  of  two  distinct  strains  or  varieties  the  yield  of  seed, 
as  well  as  rate  of  growth  of  the  hybrid  plants,  was  greater  than  thai 
of  the  inbred  seed  and  plants.  It  is  true  that  some  of  the  improved 
inbred  strains  produce  but  little  seed  compared  with  unimproved 
types  of  the  same  variety.  Inbred  strains  have  been  selected  for 
increased  yield  and  number  of  leaves,  which  seem  to  be  correlated 
^with  lessened  seed  production.  The  same  correlation  holds  true 
where  open-fertilized  strains  have  been  selected  for  increased  num- 
ber and  total  vield  of  leaves. 

The  rate  of  germination  of  the  inbred  in  comparison  with  the 
cross-fertilized  seed  was  thought  to  be  slower  in  some  of  the  experi- 
ments carried  on  in  the  season  of  1904.  However,  further  compari- 
sons have  failed  to  bear  out  this  conclusion,  and  it  is  the  belief  of 
the  writers,  based  on  careful  observations  on  this  subject,  that  the  * 
inbred  seed  sprouts  as  rapidly  as  the  cross-fertilized  seed.  It  seoms 
probable  that  in  the  cases  observed  by  growers  in  1904  a  difference 
in  moisture  content  of  the  rotted  apple-tree  fiber,  the  medium  used 
for  sprouting,  was  the  cause  of  the  apparent  differences  in  time  of 
sprouting.  So  far  as  the  writers'  observations  go,  the  inbred  seed 
produces  more  rapidly  growing  plants  than  the  open-fertilized  seed, 
and  consequently  earlier  plants  for  transplanting.  There  is  no  doubt, 
further,  that  the  inbred  seed  produces  a  larger  proportion  of  seed- 
lings for  transplanting  at  one  time  than  the  open-fertilized  seed, 
which  is  an  important  matter  to  the  tobacco  grower,  who  is  fre- 
quently forced  to  wait  for  seedlings  on  account  of  the  lack  of  uni- 
formity of  plants  in  beds  sown  with  open- fertilized  seed. 

Darwin's  conclusions  on  the  comparison  of  tobacco  plants  raised 
from  inbred  and  cross-fertilized  seed  for  three  years  are  as  follows : " 

Taking  the  plants  of  the  three  generations  altogether,  the  crossed  show  no 
superiority  over  the  self-fertilized,  and  I  can  account  for  this  fact  only  by  sup- 
posing that  with  this  species,  which  is  perfectly  self-fertile  without  insect  aid, 
most  of  the  individuals  are  in  the  same  condition  as  those  of  the  same  variety 
of  the  common  pea  and  of  a  few  other  exotic  plants  which  have  been  self-fer- 
tilized for  many  generations.  In  such  cases  a  cross  between  two  individuals 
does  no  good;  nor  does  it  in  any  case,  unless  the  individuals  diflPer  in  general 
constitution,  either  from  so-called  spontaneous  variation  or  from  their  pro- 
genitors having  been  subjected  to  different  conditions.  I  believe  that  this  is 
the  true  explanation  in  the  present  instance,  because,  as  we  shall  immediately 
see.  the  offspring  of  plants  which  did  not  profit  at  all  by  being  crossed  with  a 
plant  of  the  same  sto<'k  profited  to  an  extraordinary  degree  by  a  cross  with  a 
Hllghtly  different  subvariety. 


« I>arwin,  Charles.     Cross  and  Self  Fertilization  in  the  Vegetable  Kingdom, 
p.  210. 
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These  conclusions  of  Darwin  were  based  upon  greenhouse  and  gar- 
den tests,  where,  of  course,  it  was  not  possible  to  study  and  compare 
the  characters  of  quality  or  the  value  of  the  tobacco  from  the  inbred 
and  cross-fertilized  seed.  The  observations  of  the  writers  upon  to- 
bacco grown  in  the  field  under  normal  conditions  in  the  differ^t 
tobacco-growing  sections  bear  out  the  conclusions  of  Darwin  on  this 
subject,  and  show,  further,  that  the  inbred  seed  produces  more  profit- 
able crops  of  tobacco  than  the  seed  resulting  from  open  or  cross  fer- 
tilization within  the  variety. 

THE  IMFBOVEMENT  OF  THE  SHAPE  OF  LEAVES. 

The  shape  of  the  leaves  is  a  very  important  factor  in  determining 
the  value  of  all  classes  of  tobacco,  and  is  of  first  and  particular  im- 
portance in  cigar-wrapper  varieties.  Many  varieties  which  p<Kses 
some  of  the  most  desirable  characteristics  of  high-grade  wrappers  are 
totally  valueless  for  this  purpose  on  account  of  the  narrowness  of  ibe 
leaves.  From  such  leaves  it  is  impossible  to  cut  cigar  wrappers  eco- 
nomically. The  manufacturer  of  cigars  demands  a  leaf  which  is  wide 
and  well  rounded  at  both  ends.  This  shape  admits  of  the  best  op- 
portunity for  cutting  into  w^rappers  of  the  desired  shape  and  size 
with  the  least  possible  waste,  while  the  long,  pointed  leaf  will  yield 
very  few  wrappers,  and  a  very  considerable  proportion  of  it  must  be 
consigned  to  the  waste  pile. 

The  long,  pomted  leaf  is  not  only  undesirable  because  of  its  shape, 
but  the  texture  toward  the  basal  end  is  poorly  adapted  for  cigar 
wrappers  and  the  grain  is  usually  unevenly  distributed.  In  such 
cases  a  large  part  of  each  leaf  can  be  utilized  only  for  binders  or 
low-grade  fillers.  A  striking  example  of  leaves  of  this  character 
may  be  found  in  the  case  of  many  strains  of  CJonnecticut  and  of 
Pennsylvania  Broadleaf  varieties.  When  working  these  varieties 
the  manufacturer  expects  to  cut  wrappers  from  the  middle  portion 
and  tips  of  the  leaves  only,  while  the  remainder  of  the  leaves,  often 
half  or  more,  nmst  be  used  as  binders  or  for  filler  purposes.  A 
wider  leaf  and  one  which  is  more  nearly  round  would  yield  many 
more  wrappers  to  the  pound  and  would  be  proportionately  more 
valuable. 

In  addition  to  being  wide,  with  well-rounded  tips,  the  best  wrap- 
per leaves  must  have  small,  fine  veins  which  are  widely  separated 
and  which  form  an  obtuse  or  right  angle  with  the  midrib.  The 
veins  in  narrow  leaves  extend  along  down  the  leaf  toward  the  tip, 
are  coarse,  and  present  a  very  unattractive  appearance  when  wrapt 
on  cigars,  while  in  the  case  of  wide  leaves  the  veins  usually  extend 
out  toward  the  edge  of  the  leaf  and  are  almost  perpendicular  to  the 
midrib,  smaller  in  size,  and  wider  apart.     In  some  of  the  strains  of 
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Broadleaf  tobacco  which  have  been  improved  by  careful  seed  selec- 
tion and  breeding  the  veins  are  sufficiently  wide  apart  to  allow 
wrappers  for  cigars  of  standard  size  to  be  cut  between  the  veins. 
Such  wrappers  have  a  very  smooth,  attractive  appearance  on  cigars, 
and  where  they  can  be  cut  in  this  way  the  waste  material  from 
each  leaf  is  exceedingly  small.  Figure  5  illustrates  the  superior 
value  of  the  wide  over  the  narrow  form  of  leaf  for  cutting  wrappers 
economically.     Attention  is  also  called  to  the  character  of  venation 


Fig.  5.— Diagrams  showing  the  superiority  of  broad  over  narrow  leaves  for  cigar-wrapper  purposes:  A, 
broad  leaf;  wrapper  cats  numbered  1,  2,  3,  4, 5, 6, 7,  and  8.  B,  narrow  leaf;  wrapper  cuts  numbered 
la,  2a,  3a,  and  4a.  Waste  indicated  by  hatching.  Not  only  do  the  broad,  round  leaves  yield  more 
cigar  wrappers,  but  on  account  of  the  venation  and  other  characters  they  produce  wrappers  of 
superior  quality. 

in  the  two  leaves  shown.  It  will  be  observed  that  the  veins  extend 
out  almost  directly  toward  the  edge  of  the  leaf  from  the  midrib  in 
the  case  of  the  wide  leaf  (A),  while  in  the  case  of  the  narrow  leaf 
(B)  the  veins  run  upward,  and,  consequently,  when  used  as  wrap- 
pers injuriously  affect  the  appearance  of  cigars. 

The  variability  of  the  plants  in  the  field  in  respect  to  shape  of 
leaf  is  found  upon  close  observation  to  be  more  striking  than  the 
variability  in  many  other  characters.    The  variability  of  strains  of 
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tobacco  grown  from  the  seed  of  the  same  variety  and  un<Jer  similar 
conditions  as  respects  shape  of  leaves  is  shown  in  Plate  IV.  It  is 
very  important  that  this  variability  be  reduced  to  the  minimum, 
and  the  writers  have  found  that  it  is  possible  to  greatly  reduce  the 
variability  by  systematic  seed  selection.  Plants  producing  leaves 
which  are  very  long  and  narrow  are  frequently  found  growing  be- 
side others  with  well-rounded  leaves  of  a  desirable  length.  Plants 
bearing  leaves  of  the  ideal  cigar-wrapper  shape  and  those  that  were 
totally  worthless  on  account  of  their  shape,  as  well  as  many  grada- 
tions between  these  extremes,  have  been  found  growing  side  by  side. 
In  the  case  of  a  field  of  Florida  tobacco  grown  from  freshly  im- 
ported Sumatra  seed  a  similar  variability  was  observed  in  the  sum- 
mer of  1905.  The  production  of  leaves  of  undesirable  shape  results 
in  a  direct  loss  to  the  grower  and  manufacturer  alike.  The  cost  of 
production  to  the  grower  is  no  greater  where  the  leaves  are  all  of 
uniform  size  and  shape,  and  the  cost  of  grading  is  greatly  reduced. 

In  nearly  all  varieties  of  cigar-wrapper  tobacco,  most  of  the  leaves 
are  small  and  narrow  near  the  basal  end  and  this  portion  of  the 
leaf  is  seldom  wide  enough  for  wrapper  purposes.  Figure  5,  A, 
shows  a  leaf  wide  at  both  ends,  from  which  wrappers  may  be  cut 
down  to  the  extreme  basal  end,  thus  avoiding  the  waste  which  can 
not  be  avoided  in  the  form  of  leaf  shown  in  figure  6,  B.  It  is  im- 
portant to  produce  the  form  of  leaf  shown  in  figure  5,  A,  not  only 
because  it  will  yield  more  wrappers  to  the  pound  and  necessitate 
very  much  less  waste  in  cutting,  but  because  more  wrappers  to  the 
acre  may  be  obtained. 

The  variability  in  the  shape  of  leaves  on  the  same  plant  is  often 
very  marked,  and  may  be  as  readily  corrected  by  proper  methods 
of  seed  selection  as  the  variation  among  the  individual  plants  in 
the  field.  The  size  and  shape  of  the  individual  leaves  on  almost 
all  plants  vary  more  or  less,  but  on  some  much  more  than  others. 
An  occasional  plant  will  be  found  on  which  the  leaves  are  compara- 
tively the  same  size  and  shape  from  the  top  to  the  bottom  of  the 
plant,  while  in  other  cases  there  are  marked  differences  in  this 
respect.  A\Tiere  this  uniformity  is  found  the  top  leaves  are  seldom 
as  thick  or  heavy  as  where  there  is  a  lack  of  such  uniformity,  and 
therefore  a  larger  percentage  of  the  leaves  is  adapted  for  cigar- 
wrap  j)er  purposes. 

By  selecting  for  seed  the  plants  possessing  leaves  of  the  most 
desirable  shaj)e  from  top  to  bottom  and  protecting  them  from  cross- 
fertilization,  it  is  possible  to  produce  a  crop  which  will  be  uniformly 
like  the  parent  plant.  It  can  be  plainly  seen  that  this  will  result 
in  a  larger  yield  to  the  acre  of  nuich  more  valuable  tol>acco  because 
of  the  uniformly  well-shaped  leaves,  best  adapted  to  cigar-wrapjjer 
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purposes,  and  this  may  be  accomplished  with  no  additional  expense 
to  the  grower. 

The  shape  of  the  leaf  in  certain  types  of  smoking  tobacco  largely 
determines  its  adaptability  to  both  soil  and  market  conditions.  In 
Maryland  it  has  been  found  generally  true  that  a  broad  leaf  gives 
best  results  on  very  light  sandy  soil,  and  is  best  adapted  to  the 
demands  of  the  German  market,  while  a  somewhat  narrower  or 
longer  leaf  is  more  desirable  on  heavy  clay  soil;  from  this  latter 
type  the  highest  grades  of  red  tobacco  are  produced  to  meet  the 
requirements  of  the  markets  of  France.  In  the  case  of  Maryland 
tobaccos  the  shape  of  leaf  is  usually  correlated  with  the  number  of 
leaves,  there  being  more  leaves  to  the  plant  where  they  are  narrow 
than  in  cases  where  they  are  broad.  The  writers  have  observed  many 
exceptions  to  this  "rule  and  have  found  that  by  keeping  this  point  in 
mind  when  selecting  seed  plants  it  is  possible  to  find  round-leaved 
plants  producing  a  large  number  of  leaves,  and  to  procure  varieties 
from  these  plants  which  will  produce  a  large  number  of  uniform 
leaves  and  at  the  same  time  a  grade  of  tobacco  which  will  be  adapted 
to  the  demands  of  the  market  for  which  it  is  grown. 

It  is  within  the  power  of  the  tobacco  growler  to  produce  the  shape 
of  leaf  best  adapted  to  the  purposes  for  which  his  tobacco  is  grown, 
and  to  continually  improve  the  shape  and  gradually  bring  it  up  to 
the  ideal  of  a  perfectly  shaped  leaf,  by  carefully  selecting  seed 
plants  year  after  year  which  produce  leaves  most  nearly  approach- 
ing this  ideal.  In  all  cases  if  uniform  types  ar^  to  be  produced 
cross-pollination  must  be  prevented,  in  order  that  the  progeny  the 
following  year  may  inherit  only  the  characters  of  the  desirable 
parent  plants. 

THE  MODIFICATION  OF  THE  SIZE  OF  LEAVES. 

The  modification  and  control  of  the  size  of  tobacco  leaves  is  of 
almost  equal  importance  to  the  improvement  of  their  shape,  and 
the  size  is  so  intimately  associated  with  the  shai>e  that  both  features 
can  be  dealt  with  along  the  same  lines  in  the  improvement  of 
tobacco  by  breeding  and  seed  selection. 

The  purpose  for  which  the  crop  is  grown  must  always  determine 
the  most  desirable  shape  and  size  of  the  leaf,  and  the  individual 
grower  must  decide  for  himself  what  size  and  shape  will  be  best 
adapted  to  the  local  market  demands.  The  importance  of  producing 
a  comparatively  definite  and  uniform  size  of  leaf  is  well  recognized  ^ 
by  the  manufacturers  of  all  classes  of  tobacco.  In  the  case  of  the 
Maryland  Smoking  tobacco  grown  for  export  purposes  it  is  difficult 
to  procure  a  leaf  which  is  too  large  for  the  highest  market  demands, 
especially  when  it  is  grown  for  the  French  market.     In  most  cases 
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the  leaves  are  too  small.  This  defect  inav  be  remedied  to  a  con- 
siderable  extent  by  selecting  for  seed  those  plants  which  have  the 
largest  leaves,  and  at  the  same  time  this  will  result  in  a  material 
increase  in  the  yield  of  the  crop.  When  grown  for  plug  wrappers, 
the  size  of  the  leaf  is  as  important  and  worthy  of  as  careful  con- 
sideration on  the  part  of  the  grower  as  when  grown  for  cigar  wrap- 
pers. In  the  manufacture  of  certain  brands  of  plug  tobacco  the 
entire  side  of  the  leaf  is  used  for  one  wrapper,  which  method  i-s 
often  preferable  to  using  large  leaves  which  have  to  be  cut  into  two 
or  more  wrappers.  Where  this  system  is  followed,  leaves  are  de- 
manded which  are  comparatively  narrow  and  of  sufficient  length  to 
cover  the  standard  size  of  plug  with  the  least  possible  waste. 

A  careful  study  of  the  size  of  wrapper  desired  by  the  manufac- 
turer will  give  the  grower  a  very  definite  idea  of  the  most  desirable 
size  of  leaf  to  produce,  and  by  selecting  plants  having  this  style  of 
leaf  for  seed  the  grower  is  enabled  to  produce  uniformly  the  type  of 
tobacco  which  will  be  best  adapted  to  his  market  conditions. 

In  cigar-wrapper  varieties  of  tobacco  the  size  is  of  as  much  impor- 
tance as  the  shape  of  the  leaf.  A  short,  wide  leaf  is  always  the  kind 
most  in  demand,  and  has  the  advantage  of  being  much  less  suscepti- 
ble to  injury  in  the  curing  barn.  The  manufacturers  of  certain 
brands  of  cigars  prefer  to  cut  only  two  wrappers  from  each  leaf, 
and  for  this  reason  demand  a  very  small,  round  leaf.  Most  man- 
ufacturers prefer  a  leaf  sufficiently  large  for  cutting  two  or  more 
wrappers  from  each  side,  for  the  reason  that  nearly  all  classes  of 
cigar-wrapper  tobacco  may  be  used  more  economically  in  this  way. 
The  size  of  Sumatra  leaf  most  desired  at  present  is  about  16  inches 
long  and  sufficiently  wide  to  admit  of  the  most  economical  cutting. 
When  leaves  become  very  much  larger  than  this  there  is  danger  of 
coarse  venation,  altho  this  can  be  very  largely  controlled  by  select- 
ing for  seed  only  those  plants  which  produce  leaves  that  have  small, 
fine  veins. 

The  question  of  venation  is  very  intimately  associated  with  both  size 
and  shape  of  leaf,  and  a  certain  correlation  seems  to  exist  between 
these  characters.  The  writers  have  been  able  to  produce  types  hav- 
ing leaves  of  desirable  shape  and  size  in  which  the  venation  is  fine 
and  in  every  way  desirable.  The  experiments  that  have  been  con- 
ducted with  this  end  in  view  prove  beyond  a  doubt  that  these  im- 
portant characters  may  be  successfully  correlated  and  largely  con- 
trolled by  methods  of  selection  and  saving  seed. 

In  curing  tobacco  in  the  barn  the  size  of  the  leaf  has  been  found  to 
be  an  important  factor.  This  has  been  clearly  shown  in  the  breeding 
experiments  in  the  Connecticut  Valley  during  damp  curing  seasons. 
One  of  the  objects  sought  in  Connecticut  has  been  to  secure  a  shorter 
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and  rounder  leaf  than  is  now  being  produced  in  the  Havana  Seed  and 
Broadleaf  varieties.     Numerous  crosses  have  been  made  and  hybrids 
produced  with  this  end  in  view,  and  considerable  progress  has  been 
made  in  securing  a  rounder  leaf  in  the  native  varieties  by  careful 
seed   selection.     It  has  been  invariably  observed  that  these  round- 
leaved  varieties  and  strains  have  suffered  much  less  injury  from 
pole-sweat  than  the  old  standard  varieties.     This  difference  is  attrib- 
uted to  the  fact  that  in  the  case  of  the  old  long-leaf  varieties  the 
leaves  after  wilting  hang  down  close  around  the  stalk  and  adhere 
to  one  another,  thus  preventing  the  proper  circulation  of  air  when 
it  is  most  needed  for  successful  curing;  while  in  the  shorter,  round- 
leaf  types,  the  leaves  stand  out  from  the  stalk,  do  not  adhere  closely 
together,  and  admit  air  freely  to  all  the  leaves  on  the  plant,  thus 
preventing  in  a  large  measure  the  injurious  effects  of  pole-sweat  or 
house-bum.     The  importance  of  the  size  of  leaf  from  this  standpoint 
can  not  be  too  strongly  emphasized.     The  loss  in  the  Connecticut 
Valley,  as  well  as  in  many  other  sections  of  the  country,  due  to  pole- 
sw^eat  often  takes  away  the  profit  of  the  crop  and  is  keenly  felt  by 
tobacco  growers.     The  best  crops  are  occasionally  totally  ruined  by 
pole-sweat  after  they  have  been  grown  successfully  and  put  into  the 
bam  in  good  shape.     Therefore  it  can  be  plainly  seen  that  the  pro- 
duction of  shorter,  rounder  leaved  varieties  in  sections  of  the  country 
where  pole-sweat  is  disastrous  will  result  in  great  profit  to  the  tobacco 
growers  and  packers.    Crops  which  have  been  badly  injured  in  the 
bam  are  a  source  of  endless  trouble,  and  are  very  expensive  to  sort 
and  pack  successfully. 

For  cigar-filler  purposes  a  comparatively  small,  short,  and  thick 
leaf  is  demanded.  The  small  leaves  are  usually  thicker  and  have 
better  body  and  a  very  much  better  aroma  and  flavor  than  large,  thin 
leaves.  It  has  been  definitely  demonstrated  from  observations  made 
by  experimenters  on  the  island  of  Cuba  and  from  the  observations  of 
the  writers  made  in  certain  filler  districts  of  the  United  States  that 
the  best  and  most  aromatic  fillers  are  always  obtained  from  plants 
producing  comparatively  small  leaves.  Plants  which  in  a  way  seem 
to  represent  dwarf  types  or  strains  almost  invariably  produce  leaves 
which  have  a  much  higher  aromatic  flavor  than  can  be  obtained  from 
plants  of  the  same  variety  producing  larger  and  finer  leaves. 

In  an  attempt  to  improve  the  aroma  of  some  of  our  domestic  filler 
types  thru  breeding  and  selection  the  Department  of  Agriculture  is 
endeavoring  to  produce  new  types  of  Cuban  tobacco  with  very  small 
leaves,  with  the  belief  that  such  types  will  have  a  superior  aroma  and 
will  excel  the  filler  grades  which  are  now  being  grown  in  this  coun- 
try. These  experiments  have  not  advanced  far  enough  to  admit  of 
any  very  definite  conclusions,  but  they  have  indicated  vfery  clearly 
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that  it  is  possible  to  produce  better  fillers  by  originating  and  per- 
petuating small-leaved  varieties  of  tobacco.  The  yield  from  such 
types  has  been  comparatively  small,  but  by  setting  the  plants  closer 
together  it  is  believed  that  there  will  be  very  little  decrease  in  the 
yield  to  the  acre  in  the  production  of.  small  leaves  uniformly  tliruout 
the  crop. 

The  great  variation  in  the  size  of  leaf  which  is  found  in  nearly  all 
tobacco  fields  makes  it  possible  to  breed  up  and  fix  varieties  which 
will  produce  uniformly  the  size  of  leaf  most  desired  to  meet  special 
market  demands.  Plants  producing  small  leaves  are  found  growing 
along  with  those  producing  large  leaves  when  all  are,  as  far  as  we 
know,  of  exactly  the  same  variety  and  grow  under  equal  and  uniform 
conditions.  This  variation  is  undoubtedly  due  to  promiscuous  acci- 
dental cross-pollination  which  has  taken  place  in  preceding  genen- 
tions.  This  variation  in  size  as  in  shape  of  leaf  also  occurs  much 
more  strikingly  on  some  individual  plants  than  on  others.  Plants 
may  be  found  in  all  tobacco  fields  with  leaves  of  comparatively  the 
same  size  and  shape  from  the  top  to  the  bottom  of  the  stalk,  while  in 
the  majority  of  instances  they  are  much  smaller  near  the  base  and 
top  than  the  middle  of  the  stalk.  By  selecting  seed  plants  that  pro- 
duce leaves  which  are  uniformly  of  the  desired  size  and  shape  from 
top  to  base  of  plant  and  by  covering  the  flower  heads  with  light 
paper  bags,  leaves  very  uniform  in  this  respect  may  be  grown  the 
following  year  from  seed  saved  in  this  manner. 

Anv  tobacco  erower  will  recognize  immediatelv  the  advantacres  to 
be  gained  by  producing  types  of  tobacco  in  which  the  leaves  on  all 
of  the  plants  are  uniform  in  size  and  shape  and  where  the  leaves  on 
the  individual  plants  are  likewise  uniform  in  this  respect  from  the 
top  to  the  bottom  of  the  plant.  The  yield  of  the  crop  will  be  mate- 
rially increased,  as  will  the  value  of  the  tobacco,  while  the  cured 
product  from  such  fields  will  be  much  more  uniform  in  the  packing 
house  and  the  cost  of  handling  proportionately  reduced.  The  writers 
have  already  secured  striking  uniformity  in  some  of  the  best  straia^ 
of  cigar  and  smoking  tobaccos  grown  from  seed  which  they  have  se- 
lected carefully  and  systematically  for  three  years,  and  have  found  a 
considerable  increase  in  the  yield  and  value  of  the  crop  grown  from 
such  varieties. 

A  recognition  of  the  importance  of  producing  this  uniformity  is 
emphasized  by  the  great  number  of  demands  made  upon  the  writers 
for  seed  of  these  improved  strains.  It  is  easily  within  the  power  of 
tobacco  growers  to  improve  their  present  strains  of  tobacco  in  the 
shape  and  size  of  leaf,  as  well  as  in  other  characters,  by  selectinir 
for  seed  the  plants  which  are  most  nearly  perfect  in  these  respects 
and  by  saving  the  seed  under  bag  according  to  the  methods  outlined 
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in  this  bulletin,  in  this  way  preventing  intermixture  with  undesirable 
strains  by  accidental  cross-pollination. 

THE  CONTBOL  OF  THE  NUMBEB  OF  LEAVES  ON  INDIVIDUAL 

PLANTS. 

The  variation  in  the  number  of  leaves  borne  by  individual  plants 
is  just  as  marked  as  the  variation  in  size  and  sha|)e,  but  the  size  and 
shape  are  not  always  correlated  with  the  number  of  leaves.  In  a  gen- 
eral way  it  has  been  the  observation  of  the  writers  that  in  cigar- 
wrapper  tobaccos  the  plants  which  produce  the  best-shaped  leaves 
usually  produce  more  than  the  average  number  of  leaves.  The  varia- 
tion in  the  number  of  leaves  on  individual  plants  grown  in  the  same 
field  may  be  almost  invariably  attributed  to  the  lack  of  systematic 
seed  selection,  to  crossing,  and  to  the  use  of  a  large  proportion  of 
light,  weak  seed  in  planting.  The  variation  may  be  correlated  with 
the  height  of  the  plants  or  the  length  of  the  internodes,  or  both. 
Different  strains  of  the  same  variety  are  extremely  variable  in  respect 
to  the  number  of  leaves  produced,  and  until  pure  strains  are  devel- 
oped no  very  great  degree  of  imiformity  in  the  numl)er  of  leaves 
borne  by  individual  plants  in  the  crops  may  be  expected.  The  pro- 
duction of  strains  true  to  type  and  uniform  in  the  number  of  leaves, 
as  well  as  other  characters,  is  made  possible  by  the  careful  selection 
of  seed. 

The  control  of  the  numl)er  of  leaves  is  directly  associated  with  the 
yield  of  the  crop,  and  bears  a  very  important  relation  to  success  in  the 
handling  and  curing  processes.  The  possibility  of  procuring  a  larger 
number  of  desirable  leaves  on  each  plant  thru  careful  selection  of 
seed  is  no  longer  doubtful,  as  is  clearly  borne  out  by  experiments  in 
tobacco  breeding.  An  increase  in  the  production  of  leaves  borne  by 
individual  plants  has  been  effected  without  any  increase  in  the  height 
of  the  plants  and  with  no  detriment  to  the  quality  of  the  tobacco. 
The  reduction  in  the  height  of  the  plants  is  especially  important  in 
Sumatra  tobacco  grown  under  shade.  It  is  difficult  to  prime  or  pick 
the  top  leaves  from  plants  over  7  or  8  feet  high,  and  it  would  not  be 
advisable  for  the  grower  to  produce  plants  which  must  be  topt 
above  that  height.  The  most  convenient  height  for  a  tobacco  shade  is 
about  9  feet.  A  tent  higher  than  this  would  be  difficult  to  build,  and 
would  be  more  liable  to  damage  from  severe  windstorms;  hence  the 
necessity  for  keeping  plants  below  this  height  by  growing  more 
leaves  on  each  plant  or  by  producing  plants  bearing  shorter  inter- 
nodes. The  Sumatra  and  Cuban  varieties  have  a  tall  habit  of 
growth,  with  long  internodes,  but  respond  readily  to  methods  of 
breeding  in  the  production„-^^='gg^Sf!p5*p|tftllcs  and  shorter  distances 
between  the  leaves. 
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In  all  the  varieties  of  tobacco  which  the  writers  have  improved  by 
seed  selection  and  breeding  the  internodes  are  short  and  the  number 
of  leaves  proportionally  greater  in  the  improved  strains.     In  a  care- 
ful count  of  the  number  of  leaves  to  the  plant  in  a  good  field  of 
Sumatra  tobacco  the  average  was  found  to  be  between  19  and  20, 
while  the  records  made  in  the  breeding  plats  of  strains  of  tobacco 
originally  grown  from  the  same  seed  as  the  general  field  where  these 
leaves  were  counted  show  that  the  number  of  leaves  was  increased  bv 
two  years'  selection  to  an  average  of  between  23  and  24.    The  breed- 
ing plats  and  the  general  field  were  grown  under  exactly  the  same 
conditions  in  order  to  eliminate  any  influences  outside  of  the  results 
of  careful  seed  selection  for  the  production  of  a  greater  number  of 
leaves.    The  leaves  produced  on  the  plants  giving  an  increased  num- 
ber were  equal  in  size  and  more  desirable  in  shape  than  those  from 
stalks  producing  a  smaller  number. 

The  increase  in  yield  due  to  the  production  of  a  greater  number  of 
leaves  on  individual  plants  and  to  shortening  the  internodes  may  be 
secured  by  systematic  seed  selection  with  no  additional  cost  to  the 
grower.  Aside  from  the  increase  in  yield,  the  quality  of  the  leaf  when 
there  is  a  large  number  of  leaves  borne  by  the  stalks  is  usually  better 
than  when  the  stalks  produce  but  few  leaves.  This  is  particularly 
true  in  cigar  and  high-grade  smoking  tobaccos.  None  of  the  im- 
proved types  of  Sumatra  tobacco  have  leaves  sufficiently  close  together 
to  cause  any  deterioration  in  the  quality  or  texture  of  the  leaf  during 
the  curing  process.  In  the  case  of  certain  types  of  export  and  plug 
tobaccos  and  in  some  of  the  northern-grown  cigar-tobacco  varieties 
an  increase  in  number  of  leaves  is  not  desirable,  for  the  reason  that  it 
is  conducive  to  pole-sweat  when  the  crop  is  being  cured.  It  is  further 
true  in  the  case  of  these  varieties  that  if  the  number  of  leaves  is  in- 
creased without  shortening  the  internode,  the  plants  will  become  too 
tall  for  expeditious  handling.  Therefore,  it  is  necessary  in  certain 
varieties  of  tobacco  to  keep  the  leaves  down  to  a  certain  definite  num- 
ber, with  a  desirable  length  of  internode. 

It  is  entirely  possible  for  the  grower  to  control  largely  the  number 
of  leaves  by  careful  seed  selection  and  in  this  way  produce  uniformly 
the  plants  which  give  the  number  desired.  Care  must  always  be  taken 
in  selecting  for  a  large  number  of  leaves  not  to  increase  the  number 
at  the  expense  of  leaf  uniformity.  Only  plants  having  leaves  uni- 
form in  size  and  shape  should  be  selected  for  seed  purposes,  and  this 
selection  must  be  kept  up  with  unremittent  persistency  from  year  to 
year  in  order  to  hold  constant  the  characters  of  improved  strains  of 
tobacco  after  they  have  been  produced. 

A  large  number  of  leaves  to  the  plant  is  almost  invariably  closely 
correlated  with  a  much  lessened  tendency  to  sucker  and  with  de- 
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creased  seed  production.  The  plant  food  in  such  cases  goes  to  the 
leaves,  where  it  is  most  needed,  and  not  into  the  production  of  suckers 
and  of  seed,  which  would  be  a  loss  to  the  grower.  A  large  growth  of 
leaf  greatly  retards  the  growth  of  suckers,  and  in  some  instances  types 
have  been  produced  which  were  comparatively  suckerless — i.  e.,  types 
which  produced  only  very  few  and  small  suckers.  These  types  are 
desirable  not  only  from  the  standpoint  of  an  increased  leaf  produc- 
tion, but  the  expense  of  suckering  is  in  a  large  measure  eliminated. 

The  habit  of  growth  of  the  leaves,  whether  erect,  or  at  right  angles 
to  the  stalk,  or  drooping,  greatly  influences  the  number  of  "  sand  "  or 
ground  leaves  obtained  from  the  crop.  When  the  leaves  are  drooping 
or  pendent  on  the  stalk  the  tips  of  a  number  of  the  lower  one?  come  in 
contact  with  the  ground  and  are  often  covered  with  sand  or  beaten 
and  bruised  by  heavy  rains,  and  are  therefore  partially  or  totally 
damaged.  This  loss  of  the  lower  leaves  of  the  stalk  can  be  very 
largely  overcome  by  carefully  selecting  for  seed  those  plants  on  which 
the  leaves  have  an  upright  or  erect  habit  of  growth.  This  very 
important  point  in  the  habit  of  growth  of  the  plant  is  often  over- 
lookt,  but  can  be  easily  controlled  by  systematic  selection.  In  view 
of  the  fact  that  the  sand  leaves  are  not  nearly  so  valuable  as  those 
which  have  not  been  injured  in  this  way,  it  is  highly  desirable  that 
this  habit  of  growth  of  the  plant  be  kept  constantly  in  mind  when 
selecting  plants  for  seed  purposes. 

The  number  of  leaves  on  plants  of  a  drooping  habit  of  growth  is 
sometimes  greater  than  where  the  leaves  grow  erect  or  in  an  upright 
position,  but  where  a  large  number  of  the  lower  leaves  are  badly 
damaged  a  larger  number  of  the  best  grade  of  wrappers  may  be  ob- 
tained from  plants  producing  a  somewhat  smaller  number  of  leaves, 
but  all  erect.  Individual  plants  producing  a  large  number  of  the 
desirable  erect  leaves  may  be  found,  however,  and  such  plants  should 
be  saved  for  seed  under  bag  in  order  to  propagate  the  strain  the  fol- 
lowing year. 

THE  PBODXJCTION  OF  NO^SXJCKEBINa  TYPES. 

The  number  and  size  of  suckers  borne  by  individual  tobacco  plants 
are  subject  to  considerable  variation.  In  making  selections  of  seed 
plants  in  many  tobacco  fields  the  writers  have  found  plants  bearing 
from  8  to  12  large  suckers,  and  in  the  same  fields  other  plants  pro- 
ducing only  one  or  two  small  suckers.  In  Plate  V  are  shown  two 
plants  growing  side  by  side  in  the  field,  at  about  the  same  stage  of 
maturity,  one  of  which  bore  five  large  suckers,  while  the  neighbor- 
ing plant  bore  only  one  small  sucker.  Instances  of  this  kind  are 
common  in  most  tobacco  fields.  As  can  be  seen  in  the  illustration  the 
nonsuckering  plant  has  a  larger  number  of  more  rounded  leaves 
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than  the  suckering  plant,  which  condition  is  usually  true  in  all  such 

The  production  of  many  large  suckers  is  usually  correlated*  with 
the  development  of  few,  heavy,  dark,  and  usually  narrow,  pointed 
leaves.  This  condition  is  explained  on  the  ground  that  the  large 
sucker  branches  take  from  the  plants  the  elements  of  plant  food 
which  otherwise  would  be  utilized  in  the  development  of  manj 
broad,  round  leaves.  The  possibility  of  securing  nonsuckering  types 
of  tobacco  was  suggested  in  the  course  of  a  series  of  experiments  in 
the  improvement  of  cigar- wrapper  tobaccos.  In  the  selection  of  seed 
plants  great  care  was  exercised  to  pick  out  those  bearing  the  largest 
number  of  roundfed  leaves  with  fine  veins.  In  the  course  of  the 
study  of  the  progeny  of  these  plants  it  was  observed  that  few  suckeis 
were  produced  by  the  most  desirable  types  of  plants.  The  continued 
observations  on  this  subject  have  confirmed  the  conclusions  that 
there  is  a  correlation  between  the  number,  shape,  and  character  of 
the  leaves  borne  by  individual  plants  and  the  number  and  size  of 
suckers  produced  by  these  plants. 

The  number  and  size  of  the  suckers  produced  by  the  plants  in  all 
tobaccos  is  an  important  practical  problem  from  several  standpoints. 
Owing  to  the  dwarfing  and  otherwise  injurious  effect  of  the  suckers 
it  is  necessary  to  remove  them  by  breaking  them  off,  or  to  "'  sucker  '^ 
the  plants,  as  the  process  is  commonly  called.  There  is  great  danger 
of  breaking,  tearing,  or  injuring  the  leaves  during  the  suckering 
process,  and  this  causes  much  loss  in  cigar-wrapper  varieties,  as  the 
injured  cigar- wrapper  leaf  is  rendered  practically  worthless.  A  care- 
less laborer  frequently  causes  great  loss  to  the  grower  during  the 
process  of  suckering  the  plants.  Owing  to  the  fact  that  the  suckers 
do  not  develop  on  all  of  the  plants  at  the  same  time  and  consequently 
can  not  all  be  removed  at  once,  it  is  necessary  to  go  over  the  field 
several  times  during  the  season  in  order  to  remove  all  of  them. 

The  cost  of  suckering  is  one  of  the  important  items  of  expense  in 
the  cultivation  of  tobacco.  Therefore  the  production  of  nonsuckering 
types  is  an  economic  problem  'of  great  importance,  not  only  by 
reason  of  the  reduction  in  the  cost  of  growing  the  crop,  but  from  the 
fact  that  the  nonsuckering  types  usually  produce,  a  larger  yield  of  a 
more  desirable  quality  of  tobacco  than  the  suckering  types. 

It  has  been  found  possible  to  produce  uniform  strains  of  different 
varieties  of  tobacco  having  but  few  and  small  suckers  by  saving  the 
seed  from  nonsuckering  plants  under  bag.  As  an  illustration  of  the 
possibility  of  the  growers  producing  such  types  the  experience  of  one 
of  the  writers  in  the  improvement  of  the  Connecticut  Broadleaf 
tobacco  may  be  cited.  In  these  experiments  desirable  plants  were 
selected  for  seed  in  1903,  producing  round  leaves  of  fine,  silky  texture 
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ind  few  suckers.  The  crops  raised  from  this  seed  were  found  to 
>roduce  but  few  suckers,  the  progeny  of  the  different  plants  varying 
somewhat  in  this  respect.  From  the  strains  producing  the  best  type 
>f  leaves  and  bearing  the  least  number  and  smallest  size  of  suckers 
Qonsuckering  plants  were  again  selected  and  the  seed  saved  under 
bag  in  1904.  In  the  season  of  1905  it  was  found  that  the  progeny  of 
these  selections  were  almost  free  from  large  suckers.  In  one  strain 
in  particular  only  a  few  very  small  suckers,  none  of  which  grew  more 
khan  4  inches  in  length,  were  produced.  The  plants  raised  from 
ordinary  seed  of  the  same  variety  in  the  same  field  produced  many 
large  suckers,  and  as  usual  it  was  necessary  to  sucker  the  crop  several 
times  during  the  season.  The  remarkable  difference  in  the  sucker- 
ing  and  nonsuckering  habit  has  become  so  well  fixt  in  this  particular 
strain  that  a  limited  distribution  of  the  seed  was  made  for  testing 
during  the  season  of  1906. 

It  has  been  suggested  that  by  saving  seed  from  sucker  branches 
strains  of  tobacco  are  developed  which  produce  an  increasingly  large 
proportion  of  suckers;  in  other  words,  that  sucker  seed  tends  to 
produce  suckering  types  of  tobacco.  In  experiments  with  plants 
raised  from  seed  saved  from  the  central  flower  cluster  the  writers 
have  observed  little  or  no  difference.  As  a  rule,  however,  it  has  been 
found  that  the  seed  pods  in  the  central  flower  cluster  contain  more 
large  and  heavy  seed  than  the  pods  borne  by  the  sucker  branches,  so 
that  where  seed  is  not  carefully  separated  in  order  to  secure  only 
heavy  seed  for  planting  it  is  probably  the  best  practise  to  save  seed 
from  pods  borne  by  the  central  flower  cluster  of  the  seed  head. 

THE    PBODUCTION    OF    EABLY    VABIETIES. 

Early  maturing  varieties  of  tobacco  are  of  particular  importance 
to  northern  tobacco-growing  districts.  Owing  to  the  fact  that 
frost  kills  the  plants  it  is  neceasary  for  northern  farmers  to  grow 
varieties  which  will  mature  between  the  time  of  the  last  frost  in 
the  spring  and  the  first  frost  in  the  autumn.  After  the  tobacco 
crops  have  been  harvested  and  hung  in  the  barns  the  curing  processes 
are  carried  on  most  favorablj'^  during  warm  weather.  The  length 
of  time  required  for  the  completion  of  the  curing  varies  with  the 
variety  grown,  the  purpose  for  which  the  tobacco  is  to  be  used,  and 
the  weather.  Under  normal  conditions,  however,  the  natural  curing 
period  extends  from  four  to  eight  weeks.  It  can  readily  be  seen, 
therefore,  that  early-maturing  varieties  are  likely  to  have  more 
favorable  conditions  for  curing  than  late  varieties,  as  has  proved 
to  be  the  case  in  the  experience  of  the  tobacco  growers  in  northern 
districts. 
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Another  fact  of  importance  in  this  regard  is  the  likelihood  of 
late-maturing  varieties  being  injured  in  the  field  by  autunuial  storms. 
The  earlier  the  crops  can  be  harvested,  the  less  is  the  probabilitr 
of  injury  i>y  severe  rain,  wind,  or  hail  storms.  In  one  district  of 
the  Connecticut  Valley  in  the  season  of  1905  a  severe  hailstorm  tt 
about  the  usual  time  of  harvest  completely  destroyed  all  except  the 
early-maturing  tobacco,  which  had  been  harvested  and  hung  in  the 
curing  sheds.  This  experience  is  common  to  other  northern  tobacco 
regions  and  emphasizes  the  value  of  early-maturing  varieties. 

The  uniformity  in  time  of  maturing  of  the  individual  plants  in 
the  fields  is  an  important  practical  matter.  In  those  districts  where 
the  tobacco  crop  is  harvested  by  cutting  off  the  plants  near  the 
ground  all  of  the  plants  in  a  given  section  of  the  field  must  be  cut 
off  at  one  time.  The  immature  plants  can  not  be  left  to  ripen  and 
the  early-maturing  plants  can  not  be  harvested  before  the  rest  of 
the  plants  in  the  field.  Overripe  or  underripe  tobacco  is  likely  to 
be  of  poor  quality.  In  cigar-wrapper  varieties  the  overripe  leaves 
lack  elasticity,  gloss,  and  strength.  The  underripe  leaves  are  likely 
to  have  uneven  color  and  are  susceptible  to  injury  by  various  fun- 
gous and  bacterial  diseases.  It  is  very  important,  therefore,  that  the 
individual  plants  in  the  field  ripen  uniformly,  so  that  they  can  be 
harvested  at  one  time  without  loss  or  injury. 

The  lack  of  uniformity  in  the  maturity  of  leaves  borne  at  the  base, 
middle,  and  top  of  the  plants  is  a  cause  of  loss  in  value  of  the  crop  to 
the  growers.  As  a  rule  the  bottom  or  so-called  "  sand  "  leaves  rip«i 
first,  the  middle  leaves  next,  and  the  top  leaves  last.  In  the  varieties 
of  cigar-wrapper  or  smoking  tobaccos,  especially  where  the  entire 
plant  is  harvested  at  one  time,  the  overripe  sand  leaves  and  the  im- 
mature top  leaves  on  such  variable  plants  are  inferior  in  value  to  the 
middle  leaves.  As  stated,  the  color  of  these  sand  and  top  leaves  is 
usually  poor  and  undesirable,  and  there  is  also  generally  a  corre- 
sponding inferiority  in  the  texture  and  quality  of  these  leaves.  A 
careful  study  of  the  plants  in  tobacco  fields  at  the  time  of  the  harvet 
has  shown  that  individual  plants  bearing  leaves  that  ripen  uniformly 
from  the  bottom  to  the  top  of  the  plants  can  be  found.  In  the  experi- 
ments with  the  production  of  improved  types  of  Connecticut  Sumatn 
and  Connecticut  Cuban  tobacco  it  was  found  that  by  selecting  these 
uniformly  ripening  plants  and  saving  the  seed  under  bag  uniform 
strains  of  these  varieties  could  be  produced. 

The  common  practise  of  harvesting  these  varieties  is  to  prime  or 
pick  off  the  lower  ripe  leaves  first;  then  a  few  days  later  prime  the 
middle  leaves,  and  finally  harvest  the  top  leaves.  In  the  case  of  the 
improved  strains  selected  with  the  object  of  obtaining  uniformly 
maturing  plants  practically  all  of  the  leaves  can  be  primed  at  one 
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time.  This  improvement  not  only  reduces  the  cost  of  harvest,  but 
results  in  a  more  uniform  crop  of  tobacco. 

The  differences  in  rate  of  growth  of  the  individual  plants  in  to- 
bacco fields,  resulting  in  varying  times  of  ripening  of  the  plants,  is 
illustrated  in  Plate  VI,  figure  1.  This  degree  of  variability  could  be 
found  in  all  the  tobacco  fields  visited  by  the  writers.  In  Plate  VI, 
figure  2,  are  shown  two  rows  of  plants  of  the  same  variety  treated 
exactly  alike  from  the  time  of  sowing  the  seed  to  harvest,  one  grown 
from  the  seed  of  the  late  and  the  other  from  the  seed  of  the  early 
plant  shown  in  Plate  VI,  figure  1.  The  difference  in  time  of  ripening 
in  this  case  was  seven  days;  in  other  words,  the  early  strain  was 
ready  for  harvest  one  week  before  the  late  strain. 

The  experiments  which  have  been  conducted  for  the  purpose  of 
improving  the  different  varieties  of  cigar  wrapper  and  filler  varieties 
and  of  smoking  varieties  of  tobacco  have  demonstrated  that  it  is 
possible  for  tobacco  growers  to  improve  the  earliness  of  maturity  of 
their  varieties  wherever  such  improvements  are  desirable.  This 
improvement  can  be  practically  carried  out  by  a  careful  study  of  the 
habits  of  growth  of  the  plants  in  the  field  and  the  selection  of  the 
earliest  and  best  plants  for  seed,  saving  the  seed  of  these  plants  with 
precautions  to  prevent  cross- fertilization.  The  production  of  earlier 
varieties  requires  several  years  of  systematic  selection  and  must  be 
accompanied  by  a  careful  study  of  the  quality  and  character  of  the 
product  of  the  early  strains.  The  practical  limitation  of  earliness 
or  the  process  of  shortening  the  period  of  maturity  depends  on  the 
effect  of  such  change  on  the  quality  and  yield  of  the  early  varieties. 

Other  things  being  equal,  early-maturing  varieties  of  tobacco  are 
desirable,  especially  in  northern  sections,  and  can  be  produced  by 
the  growers  thru  the  systematic  selection  of  early  seed  plants.  Uni- 
formly maturing  plants  in  a  field  and  uniformly  maturing  leaves  on 
the  same  plant  are  of  great  importance  and  can  be  produced  by 
similar  practical  methods  of  seed  selection. 

THE  IMPBOVEMENT  OF  THE  BUBNING  QUALITY. 

The  nature  of  the  "  burn  "  presents  to  the  grower  of  cigar,  ciga- 
rette, or  pipe  tobacco  a  most  vital  question,  and,  in  the  case  of  poor- 
burning  tobaccos,  an  obstacle  which  is  very  difficult  to  overcome.  All 
previous  researches  looking  toward  the  solution  of  this  problem  have 
been  confined  to  studies  of  the  conditions  of  soil,  fertility,  cultiva- 
tion, and  fermentation,  and  their  relation  to  the  character  of  the 
burn  of  the  tobacco,  and  thru  the  efforts  of  those  who  have  care- 
fully investigated  these  subjects  improvements  have  been  made  in 
the  burn  of  most  of  the  varieties  of  tobacco.  A  thoro  understanding 
of  these  phases  of  this  question,  however,  does  not  wholly  solve  the 
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problem,  nor  does  the  iinprovement  in  methods  of  culture  exhaust 
the  possibilities  in  the  production  of  uniformly  good-burning  tobttcco. 
There  are  no  cases  on  record  of  prev^ious  efforts  having  been  made 
to  improve  by  breeding  and  seed  selection  the  combustibility  of  the 
varieties  of  tobacco.  Believing  it  possible  to  produce  better  burn- 
ing varieties  in  this  way,  the  writers  have  endeavored  in  the  coun* 
of  their  experiments  during  the  past  three  years  to  produce  strain> 
of  cigar-wrapper  varieties  which  will  bum  more  freely  and  uni- 
formly than  those  which  are  grown  at  present. 

Sufficient  progress  has  been  made  to  show  very  clearly  that  the 
variability  in  burn  of  tobacco  produced  by  different  plants  is  not 
altogether  due  to  favorable  or  unfavorable  conditions  of  soil,  vari- 
ations in  kind  or  quantity  of  fertilizers,  or  to  methods  of  fermen- 
tation, but  that  the  individual  plants  themselves  possess  some  innate 
character  which  bears  a  marked  relation  to  the  nature  of  the  burn 
of  the  leaves.  It  is  not  definitely  known  whether  this  is  due  to  the 
capacity  of  different  plants  to  take  up  and  assimilate  the  chemical 
constituents  of  plant  food  in  different  proportions  or  whether  it  is 
duo  to  the  difference  in  the  physiological  constitution  of  the  leaves. 
To  the  practical  tobacco  grower  it  is  of  little  interest  to  know  the 
exact  reason  for  this  variability,  but  it  is  of  most  vital  interest  to 
him  to  know  that  it  does  occur,  and  that  the  good  or  poor  burning 
quality  of  the  plant  is  uniformly  transmitted  to  its  progeny,  so  that 
the  nature  of  the  burn  can  be  largely  controlled  by  seed  selection. 
A  difference  in  the  soil  or  fertilizer,  or  in  the  treatment  of  the  crop, 
always  has  a  greater  or  less  influence  on  the  bum  of  tobacco,  and 
must  1)0  taken  into  consideration;  but  in  ordinary  crops  of  tobacco, 
wherp  all  conditions  are  as  nearly  equal  as  possible,  this  marked  vari- 
ation in  the  burning  quality  of  the  individual  plants  still  occurs. 

The   writers  have   found   plants  belonging  to   the  same    variety 
growing  side  by  side  under  uniform  field  conditions  which  showed 
the  widest  variation  in  the  nature  of  the  burn.     The  product  of  one 
typo  of  plant  would  burn  freely  and  evenly,  while  that  of  another 
type  had  a  very  poor  combustibility.     This  variation  in  burn  can 
not  bo  explained  on  the  ground  of  any  difference  in  soil  or  cultural 
treatment,  but  can  only  be  understood  by  assuming  that  there  are 
innate   differences   in   the   individual    plants   in   this   respect.    The 
writers  have  proved  beyond  a  doubt  that  this  innate  character  doe'*' 
exist  and  is  hereditary.     Experimental  plots  of  tobacco  grown  from 
the  seed  of  the  good  and  poor  burning  plants  have  shown  that  ihi? 
character  is  oxtrenioly  uniform  in  the  progeny,  provided  other  con- 
ditions are  equal.     Plate  VII  shows  two  rows  of  tobacco  growing 
side  by  side,  one  of  which  produced  ^  tobacco  that  burned  very  sat- 
isfactorily, while  the  product  of  the  other  was  very  deficient  in  com- 
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bustion  under  ordinary  conditions.  Taking  this  variability  as  a 
basis,  it  has  been  possible  to  produce  by  careful  seed  selection  strains 
of  tobacco  possessing  greatly  improved  bum  without  any  change  in 
the  soil  or  in  the  method  of  handling  the  soil  or  the  crop. 

In  the  case  of  one  variety  of  Sumatra  tobacco  to  which  the  great- 
est objection  was  its  poor  bum,  strains  have  been  produced  in  the 
course  of  these  experiments  which  burn  in  a  perfectly  satisfactory 
i?ray  without  coaling  or  flaking.  Even  the  top  leaves  in  these  par- 
ticular strains  have  a  free,  even  burn  and  good  capacity  for  holding 
fire. 

The  production  of  improved  burni;ng  strains  requires  more  de- 
tailed experimental  work  than  the  improvement  of  shape,  size,  or 
numl:)er  of  leaves.  No  field  character  of  the  plant  has  been  closely 
enough  associated  or  correlated  with  the  nature  of  the  combustion 
of  the  cured  leaves  to  make  possible  the  selection  of  the  best  burning 
plants  in  the  field.  Consequently  they  can  only  be  determined  by 
actual  burning  tests  of  the  tobacco  after  it  has  past  thru  the  proc- 
esses of  curing  and  fermentation.  For  this  reason  the  leaves  of  each 
seed  plant  must  be  carefully  harvested  separately  and  labeled  in  a 
manner  to  correspond  with  the  label  designating  the  seed  saved  from 
the  same  plant.  It  is  always  desirable  that  each  priming  of  leaves  be 
numbered  or  marked  so  that  it  may  be  identified  after  curing 
and  fermentation.  This  enables  the  experimenter  to  make  a  test  of 
the  uniformity  of  the  burn  of  the  top,  middle,  and  bottom  leaves  of 
each  individual  seed  plant.  There  is  considerable  variability  in  the 
degree  of  uniformity  of  the  bum  of  leaves  borne  on  different  parts 
of  the  plant,  and  therefore  it  is  desirable  to  secure  seed  from  plants 
which  show  a  good  bum  in  all  the  leaves,  m  order  to  produce  a  strain 
with  uniformly  good  combustion.  The  leaves  of  all  the  seed  plants 
should  be  cured  and  fermented  under  conditions  as  nearly  normal  as 
can  be  obtained  in  order  to  admit  of  a  fair  competitive  test  and  to 
eliminate  the  possible  influence  of  irregular  conditions. 

Where  large  numbers  of  samples  are  to  be  tested  specially  con- 
structed apparatus  is  necessary  to  secure  accurate  results.  A  simple 
form  of  apparatus  has  been  devised  by  Dr.  W.  W.  Garner,  of  this 
office,  for  making  these  comparative  tests.  It  consists  of  a  series  of 
glass  tubes  so  arranged  that  each  tube  will  smoke  a  cigar  in  very 
much  the  same  manner  as  it  is  smoked  by  an  individual,  but  with 
more  regularity  and  uniformity.  This  apparatus  is  operated  by 
means  of  an  intermittent  flow  of  water  which  subjects  all  the  cigars 
to  exactly  uniform  conditions.  A  carefully  adjusted  aspirator  draws 
the  proper  intermittent  current  of  air  thru  the  cigars,  and  is  so  con- 
nected with  the  tubes  that  exactly  the  same  strength  of  current  is 
drawn  thru  each  cigar.     A  paper  has  been  prepared  by  Doctor  Gar- 
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ner  "  which  describes  this  apparatus  and  method  of  laboratory  tests 
of  the  burn  of  tobacco  in  detail.  By  smoking  several  cigars  at  the 
same  time  by  the  use  of  this  device  it  is  possible  to  make  very  cloee 
and  accurate  observations  on  the  rate  and  evenness  of  burn^  color  of 
ash,  and  other  characteristics  of  the  tobacco  from  different  plants. 

Cigars  are  prepared  for  this  test  from  all  the  samples^  to  be  tested 
from  the  different  plants  and  are  allowed  to  dry  out  under  naturti 
but  uniform  conditions.  The  method  employed  by  the  writers  in 
determining  the  comparative  combustibility  of  the  leaves  from  wwh 
seed  plant  is  as  follows : 

One  cigar  is  made  wholly  from  the  leaves  of  each  plant,  using  the 
top  leaves  for  filler,  those  next  to  the  top  for  binder,  and  one  side  of  a 
middle  leaf  for  the  wrapper.  The  other  half  of  the  wrapper  leaf 
is  reserved  for  a  supplementary  test,  which  will  be  described  later. 
The  object  in  making  the  entire  cigar  from  the  same  plant,  whether 
it  is  a  filler  or  a  wrapper  type,  is  to  eliminate  the  possible  influence 
of  any  other  tobacco  upon  that  which  is  being  tested.  After  the 
cigars  have  dried  sufficiently,  they  are  placed  in  the  apparatus  for 
smoking  and  all  drafts  excluded  from  the  room  to  secure  absolute 
uniformity  of  conditions.  "While  the  cigars  are  burning  they  are 
scored  on  the  several  points  which  go  to  make  up  a  good  or  poor  bum. 
The  differences  in  character  of  burn  of  tobacco  from  the  different 
plants  when  smoked  under  these  uniform  conditions  is  very  surpris- 
ing, and  shows  clearly  the  variability  of  the  quality  of  bum  in 
tobacco  produced  by  different  plants  grown  under  uniform  conditioas. 

The  rate  of  burn  is  carefully  determined,  and  the  degree  of  uni- 
formity or  evenness  noted.  Some  cigars  will  bum  down  on  one  side 
and  go  entirely  out  on  the  other,  while  others  bum  completely  and 
evenly.  Some  will  burn  much  more  rapidly  than  others  and  with 
greater  evenness.  In  many  cases  the  wrapper  puckers  or  swells  just 
ahead  of  the  fire,  and  often  a  shiny,  metallic,  black  ring  will  appear 
just  back  of  the  burning  tobacco.  Sometimes  both  of  these  phe- 
nomena are  present,  and  in  this  case  the  black  ring,  which  indicates 
what  is  known  as  a  metallic  bum,  appears  between  the  fire  oh  the 
cigar  and  the  ring  caused  by  the  puckering  or  swelling  of  the  leaf. 
These  rings  indicate  a  poor  bum  and  are  invariably  associated  with 
poor-burning  tobacco  and  very  frequently  with  an  undesirable  or 
bitter  taste. 

The  comparative  degree  of  coaling,  i.  e.,  a  swelling  of  the  wrapper 
at  the  burning  point  leaving  a  black  ash,  can  be  readily  determined 
and  noted  in  these  tests.  The  character  of  the  ash  is  also  considered 
very  important,  and  in  case  it  flakes  badly  or  is  of  a  very  dark,  dull 

a  Bulletin  No.  100,  Part  IV,  Bureau  of  Plant  Industry,  U.  S.  Department  of 
Agriculture. 
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oolor  the  seed  from  plants  producing  such  tobacco  is  discarded. 
The  seed  from  only  those  plants  which  produce  tobacco  that  burns 
evenly,  closely,  and  holds  fire  well,  with  no  coaling  and  with  a  white, 
olose,  compact  ash,  is  selected  for  further  planting  in  the  production 
of  good  burning  types. 

In  the  case  of  cigar-wrapper  tobacco  an  additional  test  is  made  in 
^^?vhich  some  standard  filler  and  binder  tobaccos  are  used  and  only  the 
^wrappers  are  taken  from  the  plants  to  be  tested.  This  gives  an 
opportunity  to  observe  the  effects  of  other  tobaccos  on  the  burn  of  the 
^wrapper  and  gives  a  test  which  may  be  compared  to  the  testing  of 
Ihe  wrapper  in  the  ordinary  way  on  cigars.  A  good,  uniform  grade 
of  filler  and  binder  is  used  in  these  tests.  The  wrappers  from  the 
l>est  burning  plants  burn  a  little  ahead  of  the  filler,  but  hold  fire  well 
And  burn  evenly  around  the  cigar. 

These  tests  are  further  supplemented  by  another  and  more  delicate 
one  for  bringing  out  the  fine  points  of  difference  in  the  wrapper 
leaves  from  the  individual  seed  plants  without  the  possible  influ- 
ence of  any  other  filler  or  binder,  or  of  poor  workmanship.     Wrap- 
j>ers  taken  from  the  half  leaf  left  in  making  the  cigar  test  are  placed 
on  prepared  forms,  the  shape  and  size  of  an  average  cigar,  just  as 
they  would  be  placed  on  a  cigar,  and  are  allowed  to  dry  on  these 
forms.     The  forms   are  removed   after   the   wrappers   are   thoroly 
dried,  leaving  the  wrapper  in  the  shape  of  a  tube,  just  as  it  would 
be  if  it  could  be  removed  from  the  cigar  in  a  dry  condition.     One 
end  of  this  wrapper  tube  is  placed  over  the  end  of  a  glass  tube, 
upon  which  it  fits  closely.     A  current  of  air  is  then  drawn  thru  the 
glass  tube,  entering  at  the  end  on  which  the  wrapper  was  placed  and 
of  sufficient  strength  to  give  the  best  conditions  for  burning.     The 
end  of  the  wrapper  is  then  lighted  with  a  spreading  flame,  and  accu- 
rate notes  are  taken  on  the  length  of  time  the  tobacco  holds  fire 
and  the  character  of  the  burn.     The  wrappers  from  the  best  burning 
leaves  will  burn   up   evenly,  but  where  the  combustion   is   at  all 
deficient  it  is  clearly  brought  out  in  this  test.    In  many  cases  instead 
of  burning  evenly  the  fire  will  run  in  streaks  about  the  leaf  or  will 
eo  out  when  it  reaches  a  vein.     Some  of  the  leaves  will  scarcelv 
bum  at  all  under  these  conditions,  while  others  will  burn  in  a  very 
satisfactory  way.     This  final,  delicate  test  is  used  more  especially 
for  cigar  wrappers  than  for  any  other  class  of  tobacco.     In  all  cases 
a  final  test  is  made  by  smoking  a  cigar  made  from  the  tobacco  under 
test. 

Whether  the  grower  uses  the  methods  which  we  have  described 
in  testing  the  burn  of  his  tobacco  or  not,  it  is  comparatively  easy  for 
him  to  make  a  definite  test  of  the  combustibility  of  the  leaves  from 
all  the  plants  which  he  selects  for  seed,  and  in  this  way  gradually 
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breed  up  good  burning  types  of  tobacco  in  which  the  bum  will  be 
uniform  thruout.  This  uniformity  in  type  can  only  be  secured  by 
saving  the  seed  of  the  plants  producing  the  good-burning  type  of 
tobacco,  these  having  been  protected  from  cross-pollination  aecord- 
ing  to  the  method  described  in  this  bulletin. 

THE  SELECnOli'  OF  SEED  PLAHTS. 

The  successful  improvement  of  tobacco  varieties  by  selection  de- 
pends on  the  characters  of  the  plants  saved  for  seed  production.  Too 
much  emphasis  can  not  be  given  to  the  necessity  for  great  care  in  the 
selection  of  seed  plants.  The  history  of  the  production  of  the  valu- 
able varieties  of  tobacco  by  seed  selection  is  sufficient  evidence  of  the 
importance  of  this  subject.  The  running  out  qt  deterioration  of  the 
established  varieties  where  careful  seed  selection  has  not  been  fol- 
lowed and  the  consequent  deplorable  financial  condition  of  the 
growers  of  these  inferior  tobaccos  is  additional  argument  for  the 
adoption  of  the  most  improved  methods  of  saving  seed  by  all  growers 
Inasmuch  as  any  improvement  in  the  yield  or  quality  of  tobacco 
means  that  much  additional  profit  to  the  growers  and  manufacturers, 
attention  to  seed  selection  is  a  matter  of  direct  financial  importance 
as  well  as  scientific  interest. 

The  development  of  highly  specialized  means  for  manufacture  and 
the  increasing  demand  by  the  consumers  for  a  variety  of  manu- 
factured tobacco  products  are  important  reasons  for  the  most  careful 
study  of  seed  selection  as  a  means  for  producing  tobacco  adapted  for 
the  manufacture  of  special  grades.  In  fact,  a  survey  of  the  con- 
ditions of  the  tobacco  growers  in  different  sections  shows  that  in 
those  regions  where  a  systematic  attempt  is  made  to  produce  a  type 
of  tobacco  adapted  to  the  specialized  market  requirements  the  pros- 
perity of  the  tobacco  growers  is  much  greater  than  where  no  such 
attention  is  given  to  the  improvement  of  the  crop.  It  can  be  safely 
stated  that  the  tobacco  grower  of  the  present  day  and  of  the  future 
must  either  keep  pace  with  the  demands  of  the  market  or  be  forced 
out  of  business.  Owing  to  the  increased  general  prosperity  and 
wealth  of  the  United  States,  tobacco  consumers  are  constantly  de- 
manding a  higher  grade  of  tobacco,  a  demand  which,  if  taken  advan- 
tage of  by  the  producer,  means  greater  profit  and  better  prices  for  the 
specialized  crops. 

The  conmion  practise  in  selecting  tobacco  seed  plants  in  many 
tobacco-growing  regions  is  to  save  a  group  of  a  dozen  plants,  more 
or  less,  depending  on  the  acreage  of  tobacco  grown,  in  some  con- 
venient corner  or  section  of  the  field  where  they  will  interfere  least 
with  the  harvesting  of  the  crop.  A  visit  to  any  tobacco-growing  re- 
gion in  the  United  States  shortly  after  the  crop  is  harvested  will 
show  these  clumps  of  plants  which  have  been  left  for  seed.    It  is 
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usually  the  practise  of  the  best  growers  to  save  portions  of  one  or 
more  rows  producing  the  best  plants,  but  frequently  even  this  care  is 
not  given  to  this  most  important  factor  of  tobacco  growing.  On  the 
large  tobacco  plantations  the  writers  have  frequently  observed  a  sec- 
tion of  the  field  set  apart  for  seed  production.  In  some  cases  the 
I>oorest  plants  in  such  sections  have  been  topt,  while  in  others  this 
practise  has  not  been  followed.  This  method  of  selecting  seed  plants 
is  not  as  desirable  as  that  employed  in  saving  seed  in  most  farm  crops. 
It  means  that  the  growers  do  not  take  advantage  of  the  variability  of 
the  individual  tobacco  plants  in  the  field,  and  consequently  lose  the 
benefits  to  be  derived  from  using  the  best  plants  as  the  parents  for 
the  next  year's  crop*.  After  carefully  studying  the  plants  in  hundreds 
of  tobacco  fields,  the  writers  have  found  that  the  best  plants  do  not 
grow  in  groups,  but  in  different  parts  of  the  field,  and  can  only  be 
found  by  diligent  search  and  careful  observation  of  the  crop,  plant 
by  plant,  from  the  time  the  plants  are  set  out  in  the  field  until  they  are 
topt.  As  soon  as  the  benefits  to  be  derived  from  seed  selection  and 
breeding  have  been  demonstrated  in  tobacco-growing  communities 
the  growers  are  usually  quick  to  take  advantage  of  the  improved 
methods  of  saving  seed. 

It  has  been  frequently  urged  that  change  of  seed  is  beneficial.  In 
the  light  of  recent  investigations  and  observations  on  this  subject 
this  contention  is  believed  to  be  incorrect  in  the  case  of  tobacco.  In 
other  words,  seed  should  be  saved  on  the  farm  or  field  where  the  crop 
is  to  be  grown.  A  change  of  seed  is  always  experimental,  and,  as 
pointed  out  in  the  discussion  of  the  introduction  and  acclimatization 
of  new  varieties,  such  change  when  necessary  should  be  made  only 
after  carefully  testing  the  seed  for  several  years  and  securing  by 
selection  a  strain  which  is  adapted  to  the  local  soil  and  climatic 
conditions.  In  some  tobacco-growing  sections  growers  frequently 
buy  their  seed  or  obtain  it  from  some  other  source  than  their  own 
crop.  While  it  may  be  true  that  this  practise  may  be  advisable  in 
some  cases — for  example,  when  the  seed  is  procured  from  tobacco-seed 
breeders  having  the  same  general  soil  and  climatic  conditions  as  the 
growers — this  plan  is  not  a  good  one  to  follow  as  a  regular  source  of 
seed  and  is  not  practised  by  the  most  successful  tobacco  growers.  The 
experience  of  the  best  growers  and  of  scientific  investigators  of 
tobacco,  as  in  the  case  of  other  farm  crops,  such  as  corn  and  cotton, 
goes  to  prove  that  the  best  policy  is  for  every  grower  to  save  his  own 
seed  from  the  best  plants  in  his  crop.  Instead  of  the  varieties  of 
tobacco  running  out  by  reason  of  having  been  grown  under  the  same 
conditions  continuously,  it  has  been  demonstrated  that  they  are 
improved  by  the  adoption  of  simple  and  practical  methods  for  the 
selection  of  seed  plants  and  the  saving  of  seed. 
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In  order  that  the  grower  or  breeder  may  select  seed  plants  intelli- 
gently it  is  necessary  for  him  to  form  an  ideal  of  the  type  of  plant 
which  it  is  desirable  to  grow.  Without  a  clear  conception  of  the  type 
of  plant  desired  any  improvement  by  seed  selection  will  be  aoeidentaL 
and  as  a  rule  the  efforts  in  this  direction  will  be  unsuccessfuL  It  is 
also  necessary  in  forming  the  ideal  to  keep  in  mind  the  purpose  for 
which  the  tobacco  is  produced  in  order  to  develop  a  tyi>e  which  will 
meet  the  demands  of  the  market.  For  instance,  in  the  growing  of 
cigar-wrapper  tobaccos  a  broad,  round  leaf,  adapted  for  the  cutting  of 
the  largest  possible  percentage  of  wrappers,  is  most  desirable,  so  fir 
as  the  shape  of  the  leaf  is  concerned.  The  production  of  a  high- 
yielding  type  must  be  governed  in  all  cases  by  the  effect  of  such 
change  in  the  size  and  number  of  leaves  upon  the  quality  of  the 
tobacco.  The  information  necessary  for  the  intelligent  selection  of 
desirable  plants  for  seed  can  only  be  gained  by  a  careful  study  of  the 
plants,  the  cured  and  fermented  product,  and  the  market  demands. 

The  plan  of  selection  of  seed  plants  followed  by  the  writers  is  to 
examine  with  greater  or  less  care,  several  days  before  topping,  every 
plant  in  the  field  from  which  selections  are  to  be  made.  As  indi- 
cated before,  it'is  always  advisable  to  study  the  plants  from  the  time 
they  are  set  out,  whenever  this  plan  is  practicable,  with  a  view  to 
picking  out  the  best  plants  for  seed.  Such  plants,  when  found,  aui 
be  marked  with  a  tag,  string,  or  heavy  rag,  so  that  they  can  be 
readily  identified  when  the  final  selection  is  made.  Some  characters, 
such  as  time  of  maturity,  are  more  easily  observed  in  the  young 
plants  than  later ;  hence  the  importance  of  marking  the  plants  show- 
ing the  characters  desired  whenever  they  are  found. 

The  size  of  at  least  three  leaves  in  apparently  desirable  plants 
should  be  measured — one  at  the  bottom,  one  near  the  middle,  and 
another  at  the  top  of  the  plants.  These  measurements  can  easily  be 
made  with  an  ordinary  yardstick,  taking  the  length  from  the  point 
of  attachment  of  the  leaf  to  the  stalk  to  the  tip  and  the  width  at  the 
broadest  point.  The  development  of  the  top  leaves  by  reason  of 
further  growth  can  be  taken  into  consideration,  tho  in  most  tobaccos 
well-developed  top  leaves  are  correlated  with  early-maturing  plants 
and  always  with  uniformity  of  leaves  on  the  same  plant.  The 
shape,  size  of  veins,  color,  texture,  and  other  characters  of  the  leaves 
should  be  taken  into  consideration. 

•  The  number  of  leaves  should  be  counted,  also  the  number  of  sudc- 
ers,  and  observations  made,  and,  if  possible,  recorded  of  the  uni- 
formity of  the  shape,  size,  and  other  characters  of  the  leaves  in  dif- 
ferent portions  of  the  plants,  the  presence  of  rust  or  other  fungous  or 
bacterial  diseases,  the  height  of  the  plants,  and  the  space  between  the 
leaves,  or  length  of  internodes.    The  transmission  of  these  charac- 

96 


FIELD   RECORDS   OF   BREEDING   WORK.  47 

ters  from  parent  plants  to  progeny  is  shown  in  Plate  VIII.  A  de- 
tailed estimate  of  ttie  plants  in  the  field  in  respect  to  these  charac- 
ters is  valuable  only  as  a  guide  to  the  selection  of  the  best  type  of 
plants  for  a  particular  or  a  pedigree  record,  but  must  always  be  of 
secondary  importance  to  the  judgment  of  the  grower  as  regards  the 
general  type  of  the  plants  and  their  adaptability  for  successful  and 
profitable  production. 

In  cigar-filler,  smoking,  and  other  varieties  an  intelligent  selection 
can  only  be  made  by  the  study  of  the  cured  and  fermented  leaves. 
In  this  case  it  is  necessary  to  save  of  plants  that  show  in  the  field  the 
general  physical  characteristics  desired  several  times  the  number  that 
will  be  necessary  for  seed.  The  leaves  of  these  plants  must  be 
primed  and  kept  separate,  properly  labeled,  hung  in  the  curing  shed 
with  the  remainder  of  the  crop  so  as  to  get  normal  curing  conditions, 
and  carried  thru  the  processes  of  fermentation  with  the  bulk  of  the 
crop.  After  the  fermentation  or  sweating  process  has  been  com- 
pleted, the  samples  from  the  individual  plants  can  be  tested,  the  seed 
from  the  poor  plants  discarded,  and  the  seed  from  the  best  plants 
saved  for  planting.  A  description  of  the  apparatus  which  has  been 
devised  in  the  Office  of  Plant  Breeding  Investigations  for  testing  the 
bum  or  combustibility  of  cigar  wrappers  and  for  assisting  in  the 
comparison  of  the  quality  of  cigar-filler  and  smoking  tobaccos  has 
been  published,  as  previously  stated.  In  the  study  of  the  samples 
from  the  individual  seed  plants  it  is  absolutely  necessary  that  they 
all  be  brought  imder  uniform  conditions  of  moisture,  heat,  and 
other  conditions  affecting  the  character  of  the  leaves  before  the  tests 
are  made.  Final  tests  must  always  be  confirmed  by  the  use  of  the 
tobacco  in  cigars,  pipes,  or  by  other  means  of  consumption  for  which 
the  tobacco  is  adapted. 

RECORDS  OF  BREEDING  WORK  MADE  IN  THE  FIELD. 

The  form  of  record  blank  used  in  the  breeding  work  of  the  writers, 
together  with  the  directions  for  note  taking  and  definition  of  terms,  is 
given  here  for  the  benefit  of  those  who  may  wish  to  carry  on  system- 
atic breeding  work  and  keep  a  pedigree  record  of  the  parent  plants 
and  their  progeny.  This  plan  of  record  keeping  is  being  constantly 
revised  as  the  knowledge  on  the  subject  increases,  but  up  to  the  pres- 
ent time  the  plan  described  has  been  found  to  be  very  useful  and 
valuable,  covering  the  most  important  characters  and  points  neces- 
sary for  an  adequate  record.  The  plants  finally  selected  for  seed  are 
usually  given  a  number  for  identification,  this  number  being  written 
on  a  small,  strong  tag  attached  to  the  top  of  the  plant  below  the  paper 
bag  with  a  short  piece  of  flexible  wire. 
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The  following  form  for  note  taking  in  the  field  is  printed  on  a 
large  shipping  tag : 

No 


Tobacco  1^ 
U.S.  P.B.J 


Date 

Type    

Leaves : 

^  Number  Leii}3;th 

Width ThickneaB 

Shape Color   

Uniformity    Rust 

Spots    Gum 

Maturity   Position 

Venation 

Stem: 

Height    Circumfereuoe 

liength  of  Intemodea 

Suckers : 

Number Size 

Position 

tseeci . 

Number  of  pods 

Date  of  picking; 

Harvest : 
1st  2d  3d 

The  directions  for  note  taking  for  use  in  making  field  note? 
adopted  by  the  Office  of  Plant  Breeding  Investigations  of  the  United 
States  Department  of  Agriculture  are  as  follows: 

In  order  to  secure  uniformity  in  nomenclature  and  note  taking  and  promotp 
uniform  methods  of  classification  in  the  tobacco-breeding  experiments  xJk 
following  system  has  been  adopted  and  should  be  closely  adhered  to  by  those 
conducting  these  experiments  and  applied  to  all  records  made  in  the  course 
of  these  investigations: 

Nomenclature. — The  word  variety  should  be  used  to  designate  distinct,  well- 
recognized,  and  established  kinds  of  tobacco;  as,  for  example,  Sumatra.  Ood- 
necticut  Havana,  White  Burley,  and  Zimmer  Spanish. 

The  word  strain  should  be  used  to  designate  a  slight  local  modification  of 
a  variety  in  which  some  intrinsic  quality  has  been  bred,  such  as  tendem? 
to  produce  a  heavier  yield,  improved  shape  of  leaf,  or  better  adaptability  to 
local  conditions,  as,  for  example,  Cooley's  Connecticut  Havana,  ConDecCiciit 
Sumatra,  or  Jones's  Zimmer  Spanish. 

The  word  type  should  be  applied  to  new  varieties  which  are  selected  tor 
experimental  purposes  and  have  not  come  into  commercial  use. 

Type  numbers. — In  the  fields  where  selections  are  made  several  distinct 
types  may  be  found,  and  a  number  of  seed  plants  should  be  selected  for  ex- 
perimental pun^oses  in  each  type.  A  number  should  also  be  given  each  type, 
and  in  all  records  of  experiments  with  this  type  it  should  be  referred  to 
under  this  number.  When  a  new  type  is  found  the  list  of  existing  type 
numbers  should  be  consul ttxi,  so  that  no  two  types  may  he  given  the  same 
number.  For  example:  Variety,  Sumatra;  strain,  Connecticut  Sumatn: 
type,  1    (Crumple).     Wherever  it  may  be  desirable  the  type  may  be  further 
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Identified  by  a  distinctive  name^  as  for  example,  In  the  case  of  the  Connecticut 
Sumatra  strain,  type,  2  (Green  leaf)  ;  type,  ^  (Broad  leaf). 

Selection  numbers. — The  individual  plants  selected  for  propagation  should  be 
given  numbers  which  will  serve  to  Identify  them,  as  well  as  the  type  and  the 
generation  to  which  they  belong.  Each  plant  is  represented  by  a  combination 
of  numbers,  the  first  one  representing  the  series  and  usually  corresponding  to 
the  type  in  which  the  plant  belongs.  Each  succeeding  number  represents  the 
individual  parent  plants  in  that  generation,  the  last  being  the  number  of  the 
individual  selection  in  the  last  generation.  For  example,  in  the  ex[>eriments 
"With  the  improvement  of  Connecticut  Sumatra  tobacco  in  the  second  generation 
of  selections  the  following  numl)ers  have  been  used :  1-5-6.  The  first  number 
( 1 )  refers  to  the  series,  and,  in  this  case,  to  type  1  in  the  Connecticut  Sumatra 
strain ;  the  second  numl)er  (5)  refers  to  the  number  of  the  seed  plant  selected 
and  used  for  planting  the  second  generation;  the  last  number  ((5)  refers  to  the 
seed  plant  saved  for  planting  the  third  generation  selected  from  the  crop  raised 
from  plant  No.  1-5 ;  while  2-3-8  refer  to  a  selection  of  the  green  leaf  Connecticut 
Sumatra  type,  plant  No.  3  of  the  first  generation,  and  plant  No.  8  of  the  second 
generation  selected  from  crop  raised  from  No.  2-3. 

Hybrid  numbers. — ^The  general  plan  of  assigning  numbers  to  tobacco  iiybrids 
is  similar  to  the  system  followed  in  the  selections  except  in  tlie  case  of  the  type 
number,  which  consists  of  a  figure  and  a  letter.  The  letter  is  added  to  the 
figure  in  order  to  distinguish  the  hybrids  from  the  selections  and  may  be  used 
to  identify  the  individual  hybrids  of  similar  parentage.  A  different  type 
number  should  be  given  to  each  series  of  hybrids,  and  a  different  letter  to  each 
hybrid  within  the  series,  as,  for  example,  41a,  41b,  and  41c  refer  to  individual 
Iiybrids  l)etween  Connecticut  Havana  and  Connecticut  Sumatra ;  42a  to  hybrids 
between  Connecticut  Havana  and  Connecticut  Cuban,  and  43a  to  hybrids  be*tween 
Connecticut  Broadleaf  and  Coum^ctlcut  Cuban,  respectively.  The  hybrid  numbers 
should  not  be  duplicates  of  the  selection  numbers. 

Assignment  of  numbers. — In  order  to  prevent  confusion  arising  from  using 
the  same  numbers  in  different  se<'tic)ns,  it  is  proposed  tr)  assign  certain  numbers 
to  each  natural  center  of  breeding  experiments.  These  numbers  should  be 
consulted  before  new  numbers  are  given  to  tyi)es  or  hybrids.  The  mnnbers 
from  1  to  1(X),  inclusive,  are  assigned  to  the  Connecticut  Valley  experiments; 
101  to  200,  inclusive,  to  the  Florida  exiKjriments,  and  201  to  300,  inclusive, 
to  the  Maryland  experiments. 

The  names  of  the  established  varieties  of  cigar-wrapper  tobaccos  grown  In 
the  Connecticut  Valley  are  (1)  Connecticut  Havana;  (2)  Connecticut  Broad- 
leaf;  and  the  varieties  introduced  in  an  exi>erimental  way  which  are  grown 
to  a  limited  extent  under  cloth  shade  are  (1)  Sumatra  and  (2)  Cuban.  A 
number  of  distinct  strains  of  Sumatra  and  Cuban  varieties  grown  from  Im- 
ported seed  have  been  produced  and  are  recognized  as  modified  types  of  the 
Sumatra  and  Cuban  tobaccos,  so  that  In  order  to  distinguish  these  types  from 
the  imported  varieties  they  should  be  known  as  Connecticut  Sumatra  and 
Connecticut  Cuban  tobaccos.  The  types  which  have  been  selected  for  experi- 
mental purposes  are  as  follows:  Connecticut  Sumatra  tyi)e:  1,  Crumple;  2. 
Greenleaf ;  3,  Sumatra ;  4,  Broadleaf ;  5,  Belgian ;  G,  Abnormal ;  7,  Smoothleaf ; 
8,  Freak ;  9,  Mosaic ;  10,  Mongrel ;  25,  Holcomb  Hollow ;  27,  Resistant ;  28. 
Diseased.  Connecticut  Cuban  tyi)e:  11,  Cuban;  12,  Dark  Gre<»n ;  13,  Havana; 
14,  Freak.  Cuban :  20,  Imported  Cuban.  Connecticut  Havana :  36,  Cooley. 
Ck)nnectlcut  Broadleaf;  50,  Brewer;  55,  Favorite. 
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The  principal  variety  of  tobacco  grown  In  Florida  for  cigar-wrapper  purposes 
has  been  developed  from  Imported  Sumatra  seed  and  is  commonly  known  as 
Florida  Sumatra  tobacco.  The  Florida  Sumatra  types  which  have  been  se- 
lected for  experimental  purposes  are:  101,  Lott;  102,  Attapulgus;  103.  Oval- 
leaf;  104.  Greenleaf;  105,  Shortstem;  106,  Prolific;  107,  Splralbud;  1«JS. 
Corry ;  109,  Fain ;  110,  Bell ;  111,  Gregory. 

The  variety  of  tobacco  grown  in  Maryland  for  smoking  purposes  is  commonly 
known  as  Maryland  Smoking.  The  tyi)es  which  have  been  selected  for  experi- 
mental purposes  in  this  variety  are:  201,  Sasser;  202,  Satin;  203,  Thickset; 
204.  Narrowleaf ;  205,  Red  Clay ;  206,  Hill ;  207,  Holland ;  208,  Dniry ;  2rw. 
Long  Red ;   210,  Wilson. 

Measurements  of  stems. — ^The  height  of  the  stem  of  seed  plants  should  be 
measured  from  the  surface  of  the  ground  near  the  base  of  the  plant  to  the  last 
12-inch  leaf  at  the  top  which  would  be  left  after  topping.  The  height  of  steni- 
topt  plants  should  be  measured  to  the  leaf  that  will  be  highest  after  topping, 
so  that  in  all  cases  the  length  of  intemodes  may  be  determined  by  dividing  the 
height  of  the  stem  by  the  number  of  leaves  borne  by  that  plant.  The  mea«ure- 
ments  should  be  made  at  the  time  of  the  first  priming  or  just  before  cutting. 

The  circumference  of  the  stem  should  be  measured  half  way  between  the 
point  of  attachment  of  the  middle  leaf  and  the  one  next  below,  just  before 
harvest. 

Measurements  of  leaves. — The  third  leaf  from  the  bottom  (1),  the  middle 
leaf  (2),  and  the  third  leaf  (3)  from  the  top  sh.ould  be  used  for  determining 
the  size  of  leaves.  The  length  should  be  measured  from  the  point  of  attaoh- 
ment  to  the  tip  of  the  leaf.  The  width  should  be  measured  at  about  the 
middle  of  the  leaf  at  its  widest  ijoint. 

The  number  of  leaves  counted  for  record  should  Include  all  except  those  top 
leaves  under  12  inches  in  length  which  would  be  cut  off  in  topping. 

Descriptions  of  leaves. — Definitions  of  the  terms  used  in  the  description  of 
leaves  are  given  below : 

Shape: 

lAtuar.     Narrow ;  Feveral  times  longer  than  broad. 

Lanceolate.    Tai)ering;  several  times  longer  than  wide. 

Oblong.    Nearly  twice  as  long  as  broad. 

Elliptical.     Oblong,  with  flowing  lines. 

Oval.     Broadly  elliptical. 

Oi'ate.     Like  section  of  a  hen's  egg. 

Cordate.     Heart-shaped. 

Obovate.     Larger  at  tip  than  at  base. 
Vniformity: 

Very  good.     All  leaves  alike  from  top  to  bottom  of  plant 

Good.    The  midddle  leaves  alike. 

Medium.     Irregularity  not  marked. 

Poor.     Irregularity  marl?e<l. 

Very  poor.     Very  undosira!)le  irregularity. 
Position: 

Erect.     Makes  sliarp  angles  with  stem. 

Partly  erect.     Between  erect  and  horizontal. 

Horizontal.     At  right  angles  with  stem. 

Drooping.     Tops  of  leaves  drooping. 

Pendent.     Hanging  downward. 
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Venation: 

Coarse.     Large  midrib   and   veins;  veins  spreading  over  entire   leaf   into 
margins. 

Medium,    Large  veins  in  central  portion  of  leaf. 

Fine.     Small   midrib  and   veins;   veins  not  prominent  in   the  margin   of 
the  leaf. 
Rust: 

Nofie.    Absence  of  rust. 

iS light.    A  few  spots  on  few  leaves. 

Injured.    Parts  of  the  leaves  destroyed. 

Destroyed.    Most  of  the  leaves  rusted. 
LfCaf  spots: 

yone.    No  spots  present. 

Incomplete.    Part  of  the  leaves  evenly  spotted. 

Complete,    All  of  the  leaves  evenly  spotted. 

Irregular.     Part  of  the  leaves  irregularly  spotted. 
Amount  of  gum: 

Slight.     Very  little  gum  present. 

Medium.     Deficient. 

Xonnal.    The  desirable  (juantity. 

Excessive,    More  than  desirable. 
Maturity: 

Very  early.    About  two  weeks  earlier  than  medium. 

Early.    About  one  week  earlier  tiian  me<lium. 

Medium.     I'sual  time  of  maturity. 

Laic.    About  one  week  later  than  medium. 

Very  late.    About  two  weeks  later  than  medium. 
Thickness: 

Thick.     Verj-  coarse  and  heavy. 

Medium.     Usual  thickness. 

Thin.     Light  and  thin. 

Very  thin.     Very  thin  texture. 
Color  in  field: 

Very  light.     Pale  yellowish  green. 

Light.    Pale  green. 

Medium.    Green. 

Deep.    Concentrated  green. 

Dark.    Dark  green. 

Very  dark.    Very  dark  green. 

Yellow.    Yellow  gi'een. 

Very  yellotc.    Deep  yellow  green. 
Color  in  warehouse: 

Very  light.    Very  light  brown. 

Light.    Light  brown. 

Medium.    Most  desirable  l»rown. 

Dark.    Dark  brown. 

Very  dark.    Very  dark  brown. 
Elasticity: 

Htrong.     I^af  stretches  witliout  tearing. 

Medium.     Between  strong  and  weak. 

Weak.    Does  not  stretch  and  tears  easily. 
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Date  of  qebmination,  etc. — In  making  notes  on  the  date  of  germination  and 
date  of  coming  up  the  following  outline  may  be  used: 

Date  of  germination: 

Very  earJy,    Most  vigorous  and  early. 

Early.     Vigorous  and  large  percentage  sprouted. 

Medium.    Medium  early. 

Late.     Few  sprouted. 

Very  late.    Very  few  sprouted. 
Date  of  coming  up: 

Very  late. 

Late. 

Early. 

Very  early. 
Date  when  cubed,  etc. — ^The  date  in  column  headed  Cured  (in  the  record 
form  for  field  notes)  is  the  time  of  talking  down  the  leaves  in  the  shed&  Tlie 
date  in  column  headed  Bulked  is  the  time  the  tobacco  Is  put  in  bulk  and  fer- 
mendation  begun.  The  date  in  the  column  headed  Fermented  indicates  tbe 
time  that  the  tobacco  has  finished  fermentation  in  bulk  and  is  ready  for  sizing 
and  assorting.  Yield  is  the  weight  of  each  grade  as  assorted  for  trade  cub- 
ditions. 

PERMANENT   RECORDS    OF   BREEDING    WORK. 

» 

A  convenient  way  for  making  a  permanent  record  of  the  individ- 
ual notes  on  the  parent  plants  and  their  progeny  is  shown  in  the 
following  form,  which  is  printed  for  the  OiBce  of  Plant  Bree<iin^ 
Investigations  on  sheets  kept  in  a  "  loose  ledger ''  cover  adapted 
for  this  purpose: 
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In  the  breeding  work  conducted  by  the  writers  a  portion  of  the 
seed  from  the  plants  saved  for  seed  is  sown  in  small  sections  in  the 
seed  beds  and  the  plants  are  subsequently  transplanted  to  separate 
rows  in  the  field.  From  the  rows  of  plants  producing  the  best  type 
and  quality  of  tobacco  further  selections  of  seed  plants  are  made. 
In  this  way  the  productive  capacity  of  the  individual  seed  plants 
can  be  tested  and  a  record  of  their  performance  made  by  the  breeder. 
Usually  100  plants  are  grown  from  the  seed  of  each  seed  plant  in 
the  individual  rows  in  the  test  plats. 

The  sections  of  the  seed  beds  necessary  for  producing  this  number 
of  plants  at  one  time  for  transplanting  are  usually  3  by  3  feet  in 
size,  boards  one-half  inch  in  thickness  and  G  inches  in  width  being 
used  for  making  the  partitions.  These  boards  are  usually  sunk  in 
the  beds  about  2  inches  to  prevent  mixture  of  seed  between  the  dif- 
ferent sections.  Necessarily  the  quantity  of  seed  required  to  sow 
these  sections  is  very  small,  about  1  gram  being  used  for  this  pur- 
pose, which  should  be  taken  from  the  general  seed  product  of  the 
individual  plant.  The  seedlings  from  these  sections  can  be  trans- 
planted by  hand,  care  being  taken  not  to  injure  the  roots,  and  suffi- 
cient water  supplied  to  start  the  plants  under  favorable  conditions^ 
This  plan  of  testing  the  individual  seed  plants  may  not  be  practi- 
cable for  the  grower  of  a  small  crop,  but  can  be  used  to  advantage 
by  tobacco  breeders. 

After  the  seed  plants  have  been  selected  in  the. field  the  flowers 
should  be  protected  from  cross-fertilization  and  the  seed  saved  in 
accordance  with  the  directions  given  under  the  head  of  methods  of 
saving  seed. 

METHODS  OF  SAVINQ  SEED. 

• 

The  absolute  necessity  of  saving  seed  free  from  cross-fertilization 
was  recognized  by  the  writers  in  the  beginning  of  the  tobacco-breeding 
experiments.  The  readiness  with  which  tobacco  flowers  are  cross- 
pollinated  has  been  shown  in  a  previous  section,  giving  a  description 
of  the  flower,  and  has  been  emphasized  all  thru  this  bulletin.  The 
securing  of  pure,  unmixt  seed  is  necessarily  of  the  first  importance  in 
developing  improved  strains  of  tobacco  which  are  sufficiently  uniform 
to  meet  the  requirements  of  the  manufacturers.  After  trying  various 
methods  of  keeping  the  seed  pure  by  covering  the  flower  head  of  the 
plant  it  was  found  that  the  most  practicable  and  efficient  way  to 
protect  the  flowers  from  cross-pollination  was  by  the  use  of  a  ligbl. 
strong  manila  paper  bag,  which  serves  to  keep  out  all  agents  whereby 
pollen  may  be  transferred  from  plant  to  plant  and  from  flower  to 
flower,  and  at  the  same  time  does  not  interfere  with  the  proper 
development  of  the  flower  head  and  the  seed.    This  method  impresses 
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all  growers  at  first  as  being  impracticable,  but  it  has  been  found  by 
the  writers  and  by  many  growers  who  have  adopted  it  to  be  thoroly 
j>racticable  and  in  every  way  effective.    Nearly  all  the  growers  in  the 
Connecticut  Valley,  where  the  work  was  first  begun,  are  saving  their 
seed  in  accordance  with  this  method,  which  is  sufficient  evidence  of 
its  adaptability  to  practical  farming  conditions.    The  form  of  bag  n.sed 
must  not  be  thick  or  heavy  enough  to  affect  the  natural  transpiration 
and  growth  of  the  plants.     Theiind  which  has  been  adopted  for  gen- 
eral use  is  the  lightest  grade  of  manila 
l>ag  that  can  be  procured  at  the  grocery 
or  country  stores.    There  is  greater  lia- 
bility of  (he  seed  being  injured  under 
Sioutbeni    or    tropical    conditions    by 
using  a  bag  which  is  too  heavy  than 
there  is  in  the  North.     In  order  to  pre- 
vent   any   possibility    of    injury    from 
this   cause,   the   writers   have   adopted 
the  method  of  puncturing  the  bag  with 
a    large    number    of    very    fine    holes, 
■which  will  admit  air  and  at  the  same 
time  are  not  large  enough  to  allow  in- 
sects  to   pass   through   and   carry   the 
pollen  from  plant  to  plant. 

The  bags  may  be  punctured  by  using 
a  sewing  machine  and  arranging  the 
bags  as  in  sewing  ordinary  cloth.  The 
sewing-machine  needle  of  course  must 
not  be  threaded  for  this  purpose.  For 
the  average  tobacco  plant  the  paper  bag 

of  12-pound  size  has  been  found  to  be    p,^  n --lob..,™  wwt  lIuui  m  i.romr 
the  most  satisfactory.  'WTien  the  plants 
to  be  bagged  are  of  a  small  variety, 
the  10-pomid  bag  may  be  large  enough, 

but  it  will  not  allow  sufficient  room  ^l™ .;■V^^r:7™;tf .^Th';  b^.  m 
for  the  proper  development  of  the  i^eed  "f 'p'  'i""'  """linR  mny  murrrre  with 
head  on  a  tobacco  plant  of  a \-erage  size.      ""   '■"^'"p""'"'  "'  "'^  "-'"^  ''""'■ 

The  proper  time  for  bagging  is  just  Iwfoi-e  the  first  flowers  oiK>n 
and  are  ready  for  pollination.  At  this  time  the  stem  of  the  flower 
head  is  sufficiently  strong  to  support  the  weight  of  an  ordinary  paper 
bag  without  injuring  the  plant  in  any  way.  When  the  bags  are  ap- 
plied earlier  than  this,  the  operation  is  more  difficult  and  the  tender 
top  of  the  plant  is  liable  to  be  broken  off  or  lient  by  the  weight  of  the 
bag.  A\Tien  the  growing  plant  has  reached  the  projier  stage  for  bag- 
ging, all  branches  just  below  those  which  form  the  main  flower  head 
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and  all  small  leaves  should  be  carefully  removed.  The  accompanying 
illustration,  figure  6,  shows  the  earliest  flowers  just  ready  to  open. 
which  indicates  the  right  stage  of  development  for  bag^ng.  .Vfter 
the  flo\rer  head  has  been  carefully  prepared,  as  indicated,  the  bag 
should  be  inverted,  placed  over  the  flower  head,  the  mouth  gathered 
closely  around  the  stem  just  below  the  flower  branches  and  tied 
Icxjsely  enough  to  allow  sufficient  room  for  further  growth,  as  shown 
in  figure  7.  At  this  ^tage  of  the  plant's  development  the  flowers 
bloom  rapidly,  and  a  corresponding  rapidity  of  growth  takes  place 
in  the  flower  head.  This  condition  makes  it  necessary  to  visit  the 
-  bagged  plants  in  the  course  of  five 

or  six  days  in  order  to  take  the 
bags  oS  and  remove  all  superfluous 
growth  in  the  nature  of  small 
leaves,  so  as  to  give  as  much  room 
as  possible  for  the  development  of 
the  flowers.  The  bag  must  be  re- 
placed immediately,  before  insects 
have  an  opportunity  to  visit  the 
flowers  and  transfer  pollen.  This 
process  should  be  repeated  two  or 
three  times  during  the  season  and 
the  bag  elevated  each  time  in  order 
to  allow  for  the  rapid  growth  of 
the  stem. 

After  a  sufficient  number  of  pods 
have  set  seed  to  produce  the  normal 
quantity  of  seed,  the  bag  may  be  re- 
moved to  prevent  any  possibility  of 
mold  during  continued  periods  of 
rainy  weather.     When  this  is  done 
ktthiB    all  late  buds  and  flowers  must  be 
:r,f  ,rt';S'"'v:„"«rS.;;    b^ken  oH,  le.™g  only  the  pods 
qiieniiy,  thL-  bag  should  be  ik-d  loosely  bo    which  Kave  been  fertilized  to  pro- 

lhatiteanbeea,ilypu,,l.edupthe.Ulk.  ^^^^^    g^j        jj    jg   ^j^^   desirable   tO 

remove  all  seed  pods  which  are  poorly  developed,  in  order  to  eliminate 
some  of  the  seed  which  is  likely  to  !«  light  and  undesirable. 

When  all  the  pods  are  mature  the  plants  are  cut  in  the  ordinaiy 
way  and  hung  to  dry  in  a  bam  or  other  place  having  a  free  circula- 
tion of  air.  In  order  to  catch  the  seed  of  pods  which  open  during 
the  process  of  drying,  it  is  customary  to  put  new  bags  over  the  seeJ 
heads  at  the  time  the  plants  are  cut.  Thoroly  dry  seed  may  be 
shelled  and  stored  in  glass  vials  or  bottles  with  perfect  safety,  and 
can  be  kept  almost  indefinitely  in  this  way.     The  fully   matured 
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and  dry  tobacco  seed  will  retain  its  vitality  when  kept  dry  for  ten 
years,  or,  as  has  been  observed  in  several  cases,  a  much  longer  time. 

The  seeds  saved  in  accordance  with  the  methods  here  outlined  are 
larger,  heavier,  and  of  higher  vitality  than  those  saved  in  the  ordi- 
nary way.  Self-fertilized  seeds  are  free  from  the  introduction  of 
hereditary  tendencies  from  surrounding  plants,  and  the  characters 
of  a  single  plant  are  transmitted  to  the.  progeny  with  almost  as 
great  uniformity  as  in  the  case  of  vegetative  reproduction  or  propa- 
gation from  cuttings. 

This  method  of  saving  seed  requires  very  little  more  time  than 
the  old  method,  and  at  the  same  time  gives  the  grower  an  opportunity 
to  study  the  types  of  tobacco  in  the  field  by  coming  in  closer  contact 
^^ith  the  seed  plants  themselves.  He  will  of  necessity  make  closer 
observations  as  to  the  points  of  perfection  or  imperfection  in  indi- 
vidual plants,  and  by  protecting  the  flowers  from  cross-pollination  it 
is  entirely  possible  for  him  to  produce  a  pure  and  uniform  strain  of 
tobacco  after  selection  for  two  or  three  years,  to  improve  his  tobacco 
in  every  way,  and  to  weed  out  the  undesirable  and  unprofitable 
types  which  occur  so  frequently  in  the  general  tobacco  field. 

SEED  SEPABATION. 

The  special  value  of  large,  heavy  seed  in  the  production  of  general 
farm  crops  has  long  been  established.  Careful  farmers  and  seed 
growers  have  used  various  methods  for  selecting  this  grade  of  seed 
for  planting.  Experiments  with  light  and  heavy  seed  in  this  and 
other  countries  have  demonstrated  clearly  and  conclusively  that  larger 
yields  are  obtained  from  heavy,  plump  grains  than  from  small,  light 
seed.  Live-stock  breeders  do  not  breed  from  weak  or  poorly  devel- 
oped parents,  and  it  is  just  as  important  that  plants  be  bred  from 
heavy  seed  with  strong  parentage  as  to  use  the  best  animals  in  the 
production  of  improved  breeds  of  live  stock. 

The  writers  have  found  this  principle  to  be  strikingly  emphasized 
in  the  production  of  tobacco  from  different  grades  of  seed.  The 
plants  from  large,  heavy  seed  not  only  grow  more  vigorously,  but 
have  greater  resistance  to  certain  bacterial  and  fungous  diseases 
and  show  greater  uniformity  in  the  field  and  warehouse  than  plants 
produced  from  inferior  seed.  Thus  it  can  be  seen  that  the  specific 
gravity  of  individual  seeds  has  a  very  important  bearing  on  some  of 
the  main  factors  in  the  production  of  profitable  crops  of  tobacco. 
The  reason  for  this  is  very  evident  when  we  consider  the  fact  that  the 
heavy  seeds  contain  a  larger  supply  of  food  for  the  development  of 
young  plants  than  the  light  seeds.  It  is  not  always  true  that  the 
heavy  seeds  germinate  first,  or  that  the  plantlets  from  such  seeds  make 
the  most  rapid  growth  in  early  stages  of  development,  but  they  always 
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make  a  healthier,  more  strudy,  and  stronger  growth,  and  produce 
much  better  plants  in  the  end.  The  comparative  size,  producti(»i. 
earliness,  and  other  characters  of  plants  raised  from  light  and  heaTy 
seed  are  shown  in  Plate  IX,  figure  1.  It  frequently  happens  that  the 
light  seed  are  the  first  to  germinate,  and  in  some  cases  the  youn^ 
plants  from  the  light  seed  are  first  to  reach  the  proper  stage  for 
transplanting.  However,  after  they  are  about  half  grown  they  show 
freaky  tendencies  and  are  very  susceptible  to  various  diseases,  are  un- 
stable, and  of  little  value  to  the  tobacco  grower.     They  sometimes 

bloom  earlier  and  mature  before  the 
average  well-developed  tobacco  plants 
in  the  field,  but  are  deficient  in  vield 
and  other  important  qualities.  Such 
plants  are,  of  course,  undesirable  from 
every  standpoint  and  should  be  elimi- 
nated before  being  transplanted  to  the 
field,  so  as  to  give  place  to  vigorous 
plants  grown  from  heavy  seed. 

It  is  almost  impossible  to  select  and 
discard  in  the  seed  bed  the  weak 
plants  produced  from  light  «?ed,  so 
that  it  must  be  done,  if  at  all,  before 
the  seed  is  sown.  Doctor  Trabut,  in 
his  experiments  with  tobacco,  sought 
to  make  a  separation  of  tobacco  seed 
according  to  different  degrees  of  spe- 
cific gravity  by  throwing  the  seeil 
upon  water  and  discarding  tho^?e  that 
continued  to  float  after  a  certain  length 
of  time.  This  process  effects  a  par- 
tial separation,  but  it  is  incomplete. 
The  extremely  small  size  of  tobacco 
seed  makes  this  method  rather  im- 
practicable, for  the  reason  that  minute 
air  bubbles  will  adhere  to  the  seed  for  a  considerable  time  and  hold 
many  of  the  heavy  seed  on  the  surface,  while  some  of  the  ligliter 
ones  will  lose  the  air  bubbles  first  and  sink  to  the  bottom  with  the 
heavy  seed.  Notwithstanding  the  incompleteness  of  this  method. 
Doctor  Trabut  found  a  great  difference  in  the  growth  and  productive- 
ness of  the  seed  w^hich  sank  to  the  bottom  of  the  vessel  first,  and  he 
brought  to  light  new  and  vital  facts  regarding  the  importance  of 
using  heavy  seed. 

In  order  to  secure  a  more  complete  separation  of  the  light  from  the 
heavy  grade  of  seed,  the  writers  have  devised  a  simple  and  practical 
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Fig.  8.— Tobacco  seed  separator.  This  ap- 
paratus separates  the  liiifht,  immature, 
and  j)Oor  seed  from  the  heavy  seed,  and 
can  be  so  regulated  as  to  furnish  any 
degree  of  fineness  of  separation  desired. 
It  is  now  being  used  extensively  by  to- 
bacco growers. 
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w^ind-blast  apparatus,  shown  in  figure  8,  for  separating  tobacco  seed 
nt:o  heavy  and  light  grades.  This  apparatus  has  already  come  into 
general  use  by  tobacco  growers  in  the  United  States  and  other  coun- 
:ries.  It  was  described  bv  Mr.  A.  D.  Shamel  in  the  Yearbook  of  the 
Dopartment  of  Agriculture  for  1904.  The  seed  separator  here  illus- 
trated is  a  slight  improvement  over  the  original  apparatus  as  de- 
scribed by  Mr.  Shamel. 

The  improved  apparatus  consists  of  a  foot  bellows  (a),  connected 
with  a  globe  valve  (c)  by  means  of  a  rubber  tube  (?;).    The  valve 
(c)    is  connected  directly  with  the  seed  receptacle    (e).    The  seed 
receptacle  consists  of  a  1-inch  glass  tube  (e)  about  14  inches  in  length, 
cemented  in  the  reducer  (d)  with  plater  of  Paris.     At  the  extreme 
V>ottom  of  the  glass  tube  e  and  just  above  the  top  of  the  valve  (c) 
a  fine  wire  gauze  is  fastened.     The  object  of  this  gauze  is  to  prevent 
tlie  S5eed  from  falling  into  the  valve  from  the  receptacle,  and  there- 
fore it  is  necessary  to  use  a  wire  gauze  with  very  small  mesh.    An 
ordinary  gas  pipe  coupling  (/),  about  3  inches  in  length  and  slightly 
larger  than  the  tube  e^  is  firmly  cemented  to  the  top  of  the  tube  to 
serve  as  a  support  for  the  tube  </,    The  tube  g  is  of  glass  the  size 
of  tube  e  and  about  6  feet  in  length.     The  apparatus  can  be  sup- 
pK>rted  by  a  convenient  frame,  which  may  be  fastened  to  the  wall  or 
eet  up  wherever  desired. 

The  bellows  and  tubing  for  this  apparatus  may  be  procured  from 
any  chemical  supply  house,  and  the  remaining  parts  from  hardware 
stores.  They  can  be  easily  put  together  and  the  apparatus  set  up 
in  the  proper  manner  by  anyone  who  wishes  to  use  it.  A  complete 
device  of  this  nature  should  not  cost  more  than  $5,  a  very  small 
sum  compared  with  the  benefits  to  be  derived  from  getting  rid 
of  the  light  and  undesirable  seed.  In  the  successful  operation  of 
this  apparatus  the  following  method  should  be  employed :  Pour 
about  1  ounce  of  the  tobacco  seed  to  be  separated  into  the  seed 
receptacle,  and  by  means  of  the  foot  bellows  pass  a  current  of  air 
of  sufficient  strength  thru  the  entire  apparatus.  The  strength  of 
the  current  of  air  may  be  regulated  by  the  globe  valve  so  as  to  blow 
out  the  dasired  proportion  of  the  light  seed.  The  light  seed  is  blown 
out  thru  the  top  of  the  tube  and  the  heavier  seed  falls  back  into  the 
seed  receptacle.  The  degree  of  separation  may  be  controlled  accu- 
rately by  means  of  the  valve,  the  length  of  the  tube,  and  the  work 
ing  of  the  foot  bellows.  A  much  more  complete  separation  may  be 
made  by  the  use  of  a  long  tube  than  where  a  short  one  is  used. 

This  simple  apparatus  serves  to  completely  eliminate  the  evil  re- 
sults associated  with  the  use  of  light  and  inferior  seed.  It  is  thoroly 
practical  in  every  way,  and  delicate  enough  in  its  operation  to  sepa- 
rate the  smallest  kinds  of  seeds  according  to  their  individual  speci- 
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fic  gravity.  One  apparatus  is  sufficient  to  separate  seed  for  an  en- 
tire community,  a  plan  which  is  being  followed  in  some  ca*«s.  A 
pound  of  seed  may  be  separated  in  less  than  half  an  hour.  Thus  it 
is  seen  that  the  apparatus  and  cost  of  operating  are  very  small  and 
not  sufficient  to  prevent  any  tobacco  grower  from  eliminating  all 
light  and  poorly  developed  seed,  in  this  way  not  only  increasing 
the  yield,  but  also  improving  the  uniformity  and  quality  of  his  crop. 

DISEASE  BESI8TANGE. 

In  practically  all  fields  producing  diseased  tobacco  plants  where  the 
writers  have  made  observations  some  degree  of  immunity  has  been 
noticed  in  individual  plants  which  have  been  found  growing  ajnong 
badly  diseased  plants  on  infected  soil.  These  cases  of  immunity  could 
not  be  explained  on  the  ground  of  any  differences  in  treatment,  but 
their  resistance  to  disease  was  evidently  inherent  in  the  individual 
plants.  The  same  conditions  have  been  found  by  other  investigators 
and  workers  in  other  farm  crops,  and  from  these  resistant  indi^idnals 
many  immune  strains  have  been  developed.  Among  the  most  notable 
are  the  variety  of  wilt-resistant  cotton,  improved  by  Mr.  W.  A- 
Qrton  and  Mr.  Rivers,  and  the  Iron  cowpea,  which  is  resistant  to 
root-knot  caused  by  nematodes,  improved  by  Dr.  H.  J.  Webber  and 
Mr.  W.  A.  Orton.  The  transmission  of  this  immunitv  found  in  indi- 
vidual  plants  has  made  it  possible  to  develop  immune  strains,  and  in 
that  way  to  produce  thoroly  healthy  crops  on  disease-infected  soils. 

In  most  cases  where  immune  plants  occur,  if  seed  is  saved  from  a 
large  number  of  such  plants  some  of  them  will  be  found  to  transmit 
their  resistance  to  the  progeny  uniformly  and  thus  give  rise  to  the 
easiest  known  method  for  the  control  of  certain  plant  diseases. 

In  the  case  of  tobacco,  the  seed  of  the  immune  plants  must  be  saved, 
with  precautions  to  avoid  cross-pollination,  to  insure  the  best  results. 
In  the  season  of  1903  the  writers  made  selections  of  plants  in  several 
tobacco  fields  in  the  Connecticut  Vallev  which  showed  inmiunitv  to 
the  tobacco  wilt.  These  plants  stood  out  very  plainly  and  strikingly 
in  the  diseased  sections  of  the  field,  making  a  normal  growth,  and 
were  apparentlj'  not  affected  by  the  wilt  in  any  way,  while  plants 
growing  all  around  them  were  so  badly  diseased  that  they  produced 
no  tobacco,  and  many  of  them  died  before  maturing  seed.  Seed  was 
also  saved  from  some  of  the  diseased  plants  that  reached  maturity. 
Two  rows  were  planted  the  following  year  on  the  infected  soil,  one 
from  seed  of  a  resistant  plant  and  the  other  from  seed  of  an  immune 
plant,  with  the  results  shown  in  Plate  IX,  figure  2.  In  this  instance, 
by  reason  of  the  foregoing  and  other  observations,  it  was  found  that 
complete  resistance  to  the  wilt  was  obtained  by  one  year's  selection. 
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wilt*  in  tobacco  occurs  in  North  Carolina  which  is  evidently  a 
parallel  case  with  the  one  found  in  Connecticut,  and  in  all  probability 
could  be  controlled  in  the  same  way. 

One  of  the  most  serious  diseases  affecting  tobacco  at  present  is  the 
root-knot  caused  by  nematode  worms.     Tobacco  seems  to  be  particu- 
larly susceptible  to  the  attacks  of  nematodes,  and  many  crops  are 
more  or  less  seriously  affected  by  this  enemy.     There  is  no  known 
remedy  for  this  pest  that  is  applicable  in  a  practical  way  to  field  con- 
ditions.    Soil-sterilization  methods  are  used  successfully  in  plant 
beds  or  in  greenhouses,  but  such  treatment  is  rather  .too  expensive 
to  be  used  on  large  fields.     The  most  practicable  method  for  the  con- 
trol of  this  disease  seems  to  be  in  the  way  of  securing  immune  strains 
of  tobacco  by  seed  selection  and  breeding.     The  writers  have  se- 
lected a  large  number  of  individual  plants  that  showed  immunity  in 
the  field,  and  the  seed  of  these  selections  will  serve  as  a  basis  for  ex- 
periments in  the  production  of  nematode-resistant  types.     The  com- 
plete success  of  other  workers  in  obtaining  resistance  to  nematodes 
in  varieties  of  sugar  beets  and  cowpeas  is  good  evidence  that  similar 
results  may  be  obtained  in  their  efforts  to  obtain  resistance  to  this 
enemy  in  tobacco.     The  Iron  cowpea  shows  strong  resistance  to  the 
nematode  when  planted  on  badly  infected  tobacco  fields,  and  for  this 
reason  can  be  highly  recommended  to  tobacco  growers  for  use  in 
this  connection. 

The  mosaic  disease  causes  very  serious  injury  in  tobacco  fields  in 
many  parts  of  this  country.  The  writers  believe,  from  indications 
observed  during  the  past  two  years,  that  it  will  be  possible  to  develop 
strong,  vigorous  strains  of  tobacco  which  will  be  largely  resistant 
to  this  disease.  In  the  case  of  some  Maryland  selections,  resistance 
to  the  mosaic  disease  seems  to  have  been  transmitted  in  a  large 
degree  to  the  progeny  of  certain  vigorous  strains.  In  two  plats 
grown  side  by  side  under  uniform  conditions,  one  from  seed  of  a 
parent  plant  affected  with  mosaic  disease,  the  other  from  a  perfectly 
healthy  one,  the  following  results  were  obtained :  Plat  1,  grown  from 
the  seed  of  the  mosaic  plant,  showed  80  per  cent  of  diseased  plants 
in  the  field ;  plat  2,  grown  from  the  seed  of  a  perfectly  healthy  plant, 
showed  less  than  20  per  cent  of  diseased  plants.  It  may  be  impos- 
sible to  entirely  eradicate  this  disease  by  the  production  of  immune 
varieties,  owing  to  the  peculiar  nature  of  the  malady,  but  these  fig- 
ures, which  have  been  duplicated  many  times,  show  very  conclusively 
that  by  the  development  of  stronger  and  hardier  types  of  tobacco, 
especially  where  heavy  seed  is  used  for  sowing,  it  will  be  possible  to 
gradually  reduce  the  percentage  of  mosaic  plants  in  ordinary  to- 
bacco fields. 
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There  are  numerous  tobacco  diseases  which  the  writers  believe  may 
be  largely  eradicated  by  producing  immune  strains.  It  is  the  inten- 
tion of  the  Office  of  Plant  Breeding  Investigations  to  take  up  wort 
with  as  many  of  these  diseases  as  seems  practicable  and  endeavor 
by  selection  to  produce  resistant  types  wherever  it  is  possible  to  do  so. 


UNCLE  SAM    SUMATRA, 

The  original  plants  from  which  the 
variety  of  tobacco  known  as  Uncle 
Sam  Sumatra  has  been  produced  bj 
seed  selection  were  grown  under  shad*^ 
on  the  plantation  of  the  Connecticut 
Tobacco  Corporation,  near  Tariffville. 
Conn.  The  first  selections  were  made 
in  the  season  of  1!>03  on  this  planta- 
tion in  a  field  the  plants  of  which  were 
gi-own  from  seed  originally  brought 
from  Florida.  The  Florida  se«l  was 
produced  by  plants  which  were  grown 
from  seed  originally  imported  from 
the  island  of  Sumatra,  In  a  careful 
study  of  the  Connecticut- grown  Su- 
matra crops  in  1S)03  a  number  of  dis- 
tinct types  were  discovered,  some  of 
which  were  evidently  very  undesira- 
ble,   while    others    were    apparentiv 

Flo.  B.-T)pte«l  plum  ol  I'm-ltKum  Sums-  ,      .      ,,  .       ^    -,  ■  ■n       .       ,■  ', 

tniUibucca.orlgiimteilbythcDepariinenl  desirable.      A  Striking  illustration  of 

otAgrlouliiir«[n  Uie  Con npcticiit  Volley  j„,q  gf  these  tvpes  IS  shown   in   PUle 

Irom  Flotida-gtown  seed  and  now  being  -rTiT        in.  i        «   *       ■      i       i      . 

emenslvely  grown  for  ciKar-wmpper  pro-  Vlll,        1  he    Seeds    OI    typical    plants 

ducuon.    Thu   Bhapc,   size,   venatioQ.    pf  these  tvpcs  wcrc  Saved  imdcr  bae 

Blrelch,  polor.glow,  ami  other  i-haracIetB  ,  i  ■      .„    ■    ■  i 

are  Kpcciaiiy  well  suited  for  cigar  wrap-    and  tested  in  1904  in  an  exi^riinenial 

per-.    This  varlelj  yield,  a  large  number  figlj   of  4   g^-res   on   the   Indian    Heail 

ol  ihe  best  gradta  o(  wrappera.  and  H  .        ■-,               t- 

very  uniform  In  all  characun.  It  Is  a  Plantations,  at  Oranby,  Conn.     Fur- 

Tigorous-growing  plant, o(  early  mawrity  ther  tests  of  the  UncIe  Sam  vaHetv 

and  small  seed  productioo.  .         ,  ^  ■         1  * 

in  the  season  of  lOOo  in  the  Indian 
Head  Plantation  experimental  field  and  in  other  fields  in  the 
Connecticut  Valley  and  of  plants  of  this  variety  grown  in  Florida 
from  Connect! cut- grown  seed  have  demonstrated  the  value  of  this 
variety  for  growing  under  shade  for  the  production  of  cigar  wrap- 
pers. The  original  plants  of  the  Uncle  Sam  variety  showed  striking 
variations  from  the  generally  accepted  type  of  Sumatra  tobacco,  but 
were  believed  to  more  nearly  approach  the  ideal  of  a  desirable  cigar- 
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s^irapper  variety  than  other  types.     In  the  experimental  stages  the 
>1  ants  belonging  to  this  type  were  classed  as  type  3  and  called  Sii- 
nstra  to  distinguish  it  from  the  other  types.     As  soon  as  its  commcr- 
lial  importance  was  established  it  was  decided  to  call  it  the  Uncle 
^am  variety.     This  name  was  considered  appropriate  from  the  fact 
.V&at  it  is  probably  a  striking  variation  produced  by  the  effect  of  the 
change   of  climatic  conditions  consequent   on   the   introduction   of 
Sumatra-grown  seed  into  the  United  States,  and  while  it  was  dis- 
rovered  in  the  Connecticut 
v'' alley  it  appears  probable 
tiat  it  can  be  successfully 
produced    under    shade    in 
Florida. 

The  striking  character- 
istics of  this  variety  are 
extremely  round  leaves  of 
fine  texture,  .small  line  veins 
growing  at  right  angles 
:from  the  midrib,  the  large 
number  of  leaves  borne  by 
the  individual  plants,  and 
the  wonderful  uniformity 
of  size  a'nd  shape  of  leaves 
from  the  base  to  the  top  of 
the  plants.  In  crops  raised 
from  the  seed  of  this  va- 
riety a  large  proportion  of 
light  -  colored  w  r  a  p  pe  r 
leaves  are  produced,  which 
when  wrapt  on  cigars 
have  a  smooth,  glossy  ap- 
pearance. The  leaves  show 
uniformly  a  good  bum  in     FiG,io.-T>pf,>fliu>iif"r(ncipPftin8umi«rinob«i>c(.,shuw. 

all      practical      and      exneri-  '"S  l>.e  W™l  ,,ha,.e   f.,r  ,■l8H^«'rapper  manutacluw. 

'  1  Thuveinsars  smiillenil  BUind out  almoalHt  right  angles 

mental   tests,  and  there  is  no  «•  me  mWrlb.  which  U  verj-  tiapiinBiil  for  Ihe  econom. 

undesirable  taste  or  flavor  "^"""""wf  ™pper,. 
present  or  notic^'able  when  the  wrappers  are  smoked  on  cigars.  The 
leaves  have  a  peculiar  and  very  characteristic  habit  of  growth,  stand- 
ing out  almost  at  right  angles  near  the  stem,  and  then  drooping 
slightly  near  the  tips.  The  quantity  of  seed  produced  by  plants  of 
this  variety  is  very  small,  and  very  few  and  small  suckers  develop 
at  any  time  during  the  growing  season.  In  figure  9  is  shown  a  typical 
plant  of  this  variety,  while  figure  10  shows  a  typical  leaf  of  this 
variety  grown  from  self- fertilized  seed. 
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The  pedigree  record  of  the  original  plants  and  their  progeny  shoira 
an  average  production  of  21  leaves  to  the  plant,  having  an  averagp 
length  of  20^  inches  and  a  width  of  14^  inches.    The  average  number 
of  suckers  is  three  and  tlie  size  small.     The  average  hei^t  of  plant- 
is  6  feet,  and  the  average  period  from  the  date  of  setting  out  the  plants 
in  the  field  to  the  time  of  harvest  is  ninety  days.     The  length  of  inter- 
node  is  3i  inches  and  the  circumference  of  stem  3J  inches.     The  pIanL= 
have  heen  particularly  free  from  the  attacks  of  fungous  diseases,  and 
the  leaves  have  the  necessary  stretch,  or  elasticity,  and  strength  to 
cover  the  cigar  well  without  in- 
jury.    The  yield  of  wrappers  in 
the    manufacturing    process    haf 
been  exceedingly  large  and  of  the 
best  quality. 

NEW  VABIKTIifB  FBODTTCED  HT 
ETBBIDIZATION  AND  SEED 
SEI^BCnON. 

THE   COOLET   HYBRID. 

The  history  of  the  origin  of  the 
Cooley  Hybrid  is  as  follows:  Se- 
lect plants  of  the  Havana  Seed 
variety  grown  by  Mr  J).  P.  Cooley. 
Granby,  Conn.,  were  nsed  as 
mother  parents.  Several  flowers 
on  these  plants  were  eina.-ici!- 
lated  at  the  proper  time  and  polli- 
nated with  pollen  produced  by 
Fig.  11.— Typical  plant  ot  iiif  i.«iej-  Hybrid  plants  grown  from  Connecticut 
I^^°°"su^ai^'inu^e  twren'   The  hj^rtfl    Sumatra   Seed   in    the   season  of 

retafna  IhebBblmf  t!n.wth  and  ndaptaUIlly  to      1003,       From      the     plants     grown 
Connectlc-ul  Valley  conrtlllnna  of  Ihe  mother      ,  ...  j  ,      .■  ... 

parent,  .'imbined  with  llie  ImproTPd  shape,      from    thlS    Seed,    selections    Of    tW 

Hizu.  venati<in,  and  other  ih«Tacter«  ot  ihe    most  de.sirable  Were  made  in  Iftfti. 

matpann  .  From  this cTop  typical  seed  plantf 

were  ngain  selected,  and  the  plants  raised  from  this  seed  in  lOO.'* 
showed  as  great  uniformity  as  ordinary  crops  of  the  mother  Havani 
Seed  variety,  so  that  the  hybrid  can  be  said  to  be  fixt,  and  seed  in 
small  samples  has  been  distributed  to  interested  growers.  An  illus- 
tration of  the  Coolpy  Hybrid  plant  is  shown  in  figure  11,  while  a  leif 
of  this  variety  is  shown  in  figure  12.  Illustrations  of  the  Cooley 
Hybrid  tobacco  grown  under  shade  are  shown  in  Plate  X. 
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The  Havana  Seed  variety  has  long,  rather  pointed  leaves  with 
large  veins.    Only  the  tips  of  these  leaves  are  suited  to  cigar-wrapper 
manufacture,  the  middle  and  basal  portions  lacking  the  necessary 
quality  for  good  wrappers.     This  portion  of  the  leaves  is  used  for 
Liinders  and  in  some  cases  for  blending  with  cigar-filler  tobacco.    Inas- 
much as  the  value  of  the  tobacco  depends  on  its  capacity  for  pro- 
ducing cigar  wrappers,  it  is  highly  desirable  and  important  that  as 
much  of  the  leaf  be  utilized  for  wrapper  purposes  as  possible.     By 
crossing  this  acclimated  variety  with  the  standard  Sumatra  variety 
a    hybrid   was  secured   which  produces  short,  broad,  well-rounded 
leaves  with  fine  veins.     In  other 
words,  the  hybrid  combines  the 
hardy   and   acclimated   charac- 
ters of  the  Havana  Seed  with 
some  of  the  important  charac- 
ters   of   the    Sumatra    variety. 
From    the    variations    in    the 
plants  of  this  hybrid  it  has  been 
found  possible  to  produce  about 
the  type  of  plant  that  is  best 
suited  to  cigar-wrapper  manu- 
facture   which    can    be   grown 
under  the  soil  and  climatic  con- 
ditions of  the  Connecticut  Val- 
ley. 

The  general  characters  of  the 
Coo  ley  Hybrid  distinguishing 
it  from  the  mother  Havana  Seed 
variety  are  increased  number  of 
leaves;  shorter,  broader  leaves 
with  very  small,  fine  veins;  re- 
duced    seed     production,     and 

more  even  texture  of  leaf  from  fio.  i2.-Tvpic«Ufarof  ihcCooieyHybriuioiMc™, 
tip  to  base.  The  average  num-  fm"ma[e'''"rJl"^""  ^^^'  '"""''^  '*"'"'■  ^'""'" 
ber  of  leaves  is  Ifi;  length,  27 

inches;  breadth,  17i  inches;  shape,  very  round;  number  of  .suckers, 
2;  size  of  suckers,  small;  height  of  plant,  2i)  inches;  circumference 
of  stem,  2}  inches;  length  of  intemode.  2  inches;  time  of  maturity, 
ninety-five  days. 

It  is  necessary  that  the  seed  of  this  liybrid  be  saved  under  bag 
to  avoid  the  possibility  of  cross-pollination.  If  the  s(H'd  is  crost 
with  other  plants,  particularly  jiith  plants  belonging  to  other 
varieties  grown  in  a  region,  it  is  probable  that  there  will  be  con- 
siderable breaking  up  in  type  and  consequent  deterioration  of  the 
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vahie  of  the  variety  for  cigar-wrapper  production.  It  is  likely  that 
moiv  OF  less  variation  will  be  developed  in  crops  of  thLs  variety 
for  several  years,  but  that  this  variability  will  not  Iw  verj'  markeil. 
Small  crops  ought  to  be  grown  at  first,  even  in  the  Connecticut  Valley 
where  the  variety  was  produced.  From  these  crops  selections  can 
be  made  in  accordance  with  the  directions  given  in  this  bulletin 
under  the  head  of  "  The  selection  of  seed  plants,"  whereby  acclimated 
strains  of  this  variety  adapted  to  local  conditions,  which  will  be  an 
improvement  over  the  present  variety,  can  be  secured. 

THE   BREWER    HYBRU). 

The  history  of  the  origin  of  the  variety  known  as  the  Brewer 
Hybrid  is  as  follows:  Plants  of  the  Connecticut  Broadleaf  variety 
*  raised  from  seed  of  the 
strain  grown  by  Mr,  N,  S, 
Brewer,  Hockanum.  Conn- 
were  crost  in  IflO;!  wiih 
pollen  secnnKi  from  plants 
grown  in  the  Connecticut 
Valley  from  imported  Cu- 
ban seed.  Many  crosses 
were  also  made  in  1904, 
The  plants  raised  from  the 
hybrid  seed  in  1904  showed 
that  a  marked  change  had 
been  effected  by  hybridi- 
zation. The  hyl>rid  plants 
produced  short,  broad 
leaves  of  fine,  even  tex- 
ture with  small  fine  vein-:, 
an  increased  number  of 
leaves  with  little  increase 
in  the  height  of  the  plants 
and,  in  some  cases,  a  much 

Fiu.  IJ,— Tv|iUKl|.]iimuf  tliBBmnurhylirHIKilMr™.    Con-       improved  tvjW  of  plant  for 

n«.K.„tBm„ti«<.r..nai.i«rt.«;c»ban,maiep««T,t,       eigar-,vnip'per  production. 

Selections  from  the  cro|>  of  15101  were  grown  in  l',)Or>,  and  one 
strain  in  particular  showed  such  fixity  of  type  that  it  may  be  eon- 
siden'd  ready  for  distribution  to  growers. 

In  the  Connecticut  Broadleaf  tobacco  the  large  size  of  the  leaver 
is  correlated  with  large  veins  and  rather  coarse  and  inferior  Irasai 
portions  of  the  leaves.  These  basal  parts  of  the  leaves  arc  only  suit- 
able in  most  cases  for  cigar  binders  and  for  blending  with  fillers.    As 
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in  the  case  of  the  Havana  s^eed  variety  grown  in  this  valley,  the  tips  of 
tlie  leaves  produce  the  high-grade  wrappers.  It  has  long  been  recog- 
nized that  a  most  important  problem  was  the  production  of  a  smaller 
leaf  with  more  uniform  texture  adapted  for  cigar-wrapper  manu- 
facture. 

The  Brewer  Hybrid  possesses  many  important  characters  that  are 
(distinct  improvements  over  the  Broadleaf  variety.     The  average  num- 
ber of  leaves  is  21;  length  of 
leaves,  27^  inches;  width,  193 

inches;    shape,    very    round; 

height  of  plants,  42   inches; 

circumference    of    stem,    2J 

inches;  length  of  internode,  2 

inches ;  number  of  suckers,  2, 

of  medium  size.     The  time  of 

maturity  is  eighty-five  days. 

The  suckering  habit   of  the 

hybrid   is   rather   unsatisfac- 

torj'  at  the  present  time,  for 

it  seems  to  inherit  the  sucker- 
ing  tendency   of   the   Cuban 

tobacco;  but  as  some  of  the 

plants   in   this   variety  have 

been   found   to   be   compara- 
tively free  from  suckers  there 

is  little  doubt  that  nonsuck- 

ering  strains  can  be  developed 

by  seed  selection. 

An     illustration     of     the 

„  TT    1     ■  1     ■         L  Kla.  14— TjpKHlK.atof  Ihi'Br.-inT  lljbrui  liilMn-00. 

Urewer    Hybrid    is    .shown    m  c™n«iHUl  BroarllcBf.  hmaW  ymrvnl-.  Cuban,  male 

figure  13,     The  typical  shiine        p"™"'-  ''''"■■  ^™'^-  '">■  ""'"<*  ''■"'■  «"•■■  venBtion, 

,      .            -,       .     "i  J,       ,      .     .,  and  olheri!<-nnibliThnrin'ierao(the  Cuban  (olweco 

ana  size  of  leaf  of  the  hybrid  areevldem.    Tlnwe ohararUTs un.- combined  in  Ibe 

are  shown  in  figure  14,  bsbHA  mlh  Iho  burn,  body,  und  ti»tc  o(  Ihc  Con- 

_        ,,                           .     >       1         >  nectifut  BrofldlMf,  the  moihcrpiirent. 

In  the  case  of  both  the 
Cooley  Hybrid  and  the  Brewer  Hybrid  the  tobacco  can  be  sold  by 
the  growers  and  utilized  by  the  manufacturers  as  improved  Havana 
seed  and  Connecticut  Broadleaf  tobacco,  respectively.  In  this  way 
their  production  will  not  disturb  the  established  market  standards, 
but  simply  meet  the  demands  of  the  market  for  improved  wrap|>er 
and  binder  tobaccos  to  the  benefit  of  both  the  grower  and  the  manu- 
facturer. 
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BESGBIPTION  OF  PLATES. 

Plate  I.  Fig.  1. — A  field  of  tobacco  raised  in  Connecticut  from  imported 
Cuban  seed.  The  result  of  using  unselected  Cuban-grown  seed  in  the 
Connecticut  Valley  can  be  seen  from  a  careful  examination  of  this  illus- 
tration, which  shows  a  typical  instance  of  the  breaking  up  in  the  type  of 
tobacco,  due  to  the  abrupt  change  of  soil  and  climatic  conditions.  The 
branching  type  of  plants  bearing  small  leaves,  constituting  about  one- 
third  of  the  total  number  of  plants  in  the  field,  was  absolutely-  worthless 
for  cigar-wrapper  production,  and  many  of  the  other  variations  from  the 
normal  Cuban  type  were  of  inferior  quality,  thus  greatly-  reducing  the 
yield  and  value  of  the  crop.  Fig.  2. — ^I'his  uniform  field  of  toba<*t>o  w^s 
produced  by  carefully  selecting  for  seed  production  the  best  plants  In  the 
field  shown  in  figure  1,  and  protecting  the  flowers  from  cross-pollination 
by  the  use  of  pai)er  bags  for  two  seasons.  The  undesirable  tvpes  of  plants 
were  eliminated  by  this  practise,  and  a  uniform  and  desirable  tj'ije  $ae<mred, 
adapted  to  the  soil  and  climatic  conditions  In  Connecticut. 

Plate  II.  Fig.  1. — This  type  of  plant  found  In  Connecticut  fields  grown  fnaa 
freshly  imported  Cuban  tobacco  seed  was  selected  for  propagation.  Fig. 
2. — The  progeny  of  a  single  Connecticut  Cuban  seed  plant,  similar  lo 
figure  1,  showing  the  uniformity  of  type  of  plants  grown  from  j^lf- 
fertillzed  seed,  and  the  marked  similarity  of  every  plant  to  the  type  of 
the  parent  seed  plant. 

Plate  III.  The  two  uniform  types  of  tobacco  shown  in  this  illustration  were 
produced  by  sowing  the  seed  of  typical  plants  of  these  tj'pes  growing  in  the 
same  field  and  under  similar  conditions,  free  from  cross-fertilization. 
These  tyi)es  of  tobacco  have  been  improved  by  careful  selection  of  the 
best  individual  plants  from  year  to  year  adapted  to  the  purpose  for 
which  each  type  is  produced.  This  experiment  has  demonstrated  that 
the  size,  shape,  venation  of  leaves,  and  other  characters  of  tobacco 
plants  can  be  propagated  uniformly  every  year  by  Judicious  selection  of 
seed  plants  of  the  tyjie  desired  and  the  saving  of  the  seed  under  bag. 

Plate  IV.  The  introduction  of  Florida-grown  Sumatra  tobacco  seed  in  the 
Connecticut  Valley  was  followed  by  a  breaking  up  of  the  type  of  this  tohacoa 
Among  these  types,  few  of  which  were  desirable,  and  many  undesirable,  the 
two  types  shown  in  this  illustration  were  found.  The  seeds  of  typical 
plants  of  these  types  were  saved  under  bags,  from  which  uniform  strains 
were  produced  the  following  season.  Both  of  these  types  of  tobacco  are 
valuable  for  growing  under  shade,  and  the  two  rows,  one  of  each  type, 
growing  side  by  side,  offer  incontrovertible  proof  of  the  value  of  the  methtKis 
of  seed  selection  described  in  this  bulletin  In  the  production  of  uniform 
types  of  tobacco. 
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Plate  V.  The  two  plants  shown  in  this  Illustration,  one  bearing  few  small 
suckers,  and  the  other  many  large  suckers,  represent  the  average  variability 
of  tobacco  plants  as  regards  the  sucking  habit.  The  plants  are  of  the 
same  variety,  grow  side  by  side  In  the  row,  are  of  the  same  age,  and  were 
grown  under  similar  conditions  in  every  respect.  The  leaves  of  the  plant 
bearing  few  suckers  are  uniformly  wide  and  round,  while  the  leaves  of  the 
plant  bearing  large  suckers  are  long  and  pointed,  and  have  a  tendency  to 
vary  markedly  in  size  from  the  top  to  the  base  of  the  plant.  This  char- 
acter is  hereditary  and  consequently  the  suckering  tendency  may  be  con- 
trolled by  tobacco  growers  by  seed  selection. 

Plate  VI.  Fig.  1. — The  characteristic  variability  of  tobacco  plants  as  regards 
time  of  maturity,  as  shown  in  this  illustration,  is  a  matter  of  connuon 
observation  in  tobacco  fieltis.  The  difference  in  the  time  of  rl[>ening  of  the 
leaves  in  the  individual  plants  is  of  si)ecial  importance  in  the  tobacco  crop, 
from  the  fact  that  in  most  cases  all  of  the  plants  in  the  field  are  harvested 
at  one  time,  and  overripe  or  underrii)e  leaves  are  inferior  in  quality.  For 
this  reason  it  is  desirable  that  the  plants  mature  uniformly  thruout  the 
field.  Fig.  2. — The  two  rows  of  tobacco  plants  shown  in  this  illustration 
demonstrate  the  possibility  of  securing  uniform  early  or  late  strains  of 
tobacco  by  seed  selection.  The  two  rows  were  grown  under  the  same 
conditions. 

Plate  VII.  The  character  of  the  burn  of  leaves  of  individual  tobacco  plants 
varies  in  a  marked  degree,  even  among  plants  of  the  same  variety  grown 
under  the  same  conditions  and  treated  alike  in  the  curing  and  fermenting 
processes.  The  two  rows  of  plants  in  this  illustration  were  grown  from  the 
bagged  seed  of  two  plants  of  the  same  field,  growing  side  by  side,  one  a 
plant  producing  good  and  the  other  poor  burning  leaves.  These  two 
progeny  rows  inherited  uniformly  the  character  of  burn  of  the  parent 
plants,  demonstrating  that  it  is  iK)ssible  to  improve  the  quality  of  burn  in 
a  variety  of  tobacco  by  seed  selection. 

Plate  VIII. — The  Connecticut-grown  Sumatra  tobacco  produce<l  a  mimber  of 
types  of  tobacco  very  different  in  all  characters.  The  two  rows  of  plants 
shown  in  this  illustration  are  the  progeny  of  two  representative  plants  of 
these  types,  grown  under  the  same  conditions  and  sliowlng  the  striking 
uniform  inheritance  of  the  characters  of  tlie  parent  plants. 

Plate  IX.  Fig.  1. — ^The  row  of  tobacco  plants  in  the  left  in  this  illustration, 
raised  from  heavy  seed,  shows  the  more  vigorous  growth,  earlier  maturity, 
and  greater  uniformity  of  plants  raised  from  heavy  seed,  compared  with 
the  less  vigorous  plants  raised  from  light  seed  shown  in  the  row  on  the 
right.  P^ig.  2. — The  row  of  small  plants  shows  the  dwarfing  effect  of  tlie 
root-rot  in  Connecticut  Sumatra  tobacco,  while  the  row  of  vigorous  plants 
shows  a  resistant  strain  secured  by  seed  selection. 

Plate  X. — The  two  rows  of  the  Cooley  Hybrid  tobacco  shown  in  this  illustra- 
tion were  grown  under  shade  in  the  Connecticut  Valley.  The  uniformity 
of  plants  and  the  shape,  size,  and  character  o  fleaves  shown  in  these 
rows  are  characteristic  of  this  variety  of  tobacco.  There  is  no  decide<l 
breaking  up  in  tj'pe  following  hyl)ridization,  as  is  the  case  in  other  plants. 

90 


L 


Bui.  96,  Bureau  of  Plant  ir.dustry,  U    S.  Oept.  of  A^r.cuiture 


Plate  I. 


Fig.  1.— Connecticut  Cuban  Tobacco  Plants  Raised  in  1903  from  Unselected 
Freshly  Imported  Seed,  Showing  Generally  Undesirable  Types. 


Fig.  2.— Crop  of  Connecticut  Cuban  Tobacco  Plants  Raised  in  1905  from  Seed 
Saved  from  Best  Plants  Selected  from  the  Field  Shown  in  Figure  1,  Show- 
ing Uniformly  a  Desirable  Type. 
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FiQ.  2.— Two  Rowa  OF  Connecticut  Broaoleaf  Tobacco,  Showing  the  Possi- 
bility  OF    THE    PROOUCTfOH    OF    EaRUY    STRAINS.     ROW   ON    RIGHT    RAISED   FROM 

THE  Seed  of  an  Early  Plant,  and  Row  on   Left  from  Seed  of  a  Plant 
MATURiNa  at  the  Usual  Time. 
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Two  Rows  OF  CooLiV  HvBfiiD  Tobacco  Grown  Unde 
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